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Abstract 
 
Input-Output (IO) frameworks have been extensively used to study anthropogenic CO2 emissions 
within single economies or globally. This is usually done through the calculation of headline figures 
like the Production and Consumption Accounting Principles (PAP and CAP), which in turn leads to a 
lack of transparency on the structure of emissions and limits the information available on the drivers 
of those emissions. To overcome these limitations, we decompose the standard Environmental 
Inter-Regional Input-Output (EIRIO) headline calculations, drawing on the OECD Inter-Country IO 
tables. We show how this facilitates consideration of downstream demands driving the production 
and associated CO2 ĞŵŝƐƐŝŽŶƐĂƚƐƉĞĐŝĨŝĐŝŶĚƵƐƚƌŝĂů ‘ŚŽƚ-ƐƉŽƚƐ ?ŽƵƚƐŝĚĞƚŚĞďŽƌĚĞƌƐŽĨŝŶĚŝǀŝĚƵĂů
regions/territories under study. The results for a UK study reveal how domestic final demand can 
ĚƌŝǀĞƚŚĞŐĞŶĞƌĂƚŝŽŶŽĨĞŵŝƐƐŝŽŶƐŽƵƚƐŝĚĞƚŚĞh< ?ƐƚĞƌƌŝƚŽƌŝĂůďŽƵŶĚĂƌŝĞƐ ?ĚĞƐƉŝƚĞƚŚĞĨĂĐƚƚŚĂƚƚŚĞ
ŵĂũŽƌŝƚǇŽĨĞŵŝƐƐŝŽŶƐĂƌĞŐĞŶĞƌĂƚĞĚǁŝƚŚŝŶŝƚƐďŽƌĚĞƌƐ ) ?dŚĞĐŽŵďŝŶĞĚŚŝŶĞƐĞ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚ
tĂƚĞƌ^ƵƉƉůǇ ?ƐĞĐƚŽƌŝƐŝĚĞŶƚŝĨied as a major direct emitter of CO2 in the global supply chain of other 
industries (including UK-ďĂƐĞĚŽŶĞƐ )ƐĞƌǀŝŶŐh<ĨŝŶĂůĚĞŵĂŶĚƐ ?&ƵƌƚŚĞƌŵŽƌĞ ?ƚŚĞh< ‘,ĞĂůƚŚĂŶĚ
^ŽĐŝĂůtŽƌŬ ?ƐĞĐƚŽƌŝƐƌĞǀĞĂůĞd to have the second largest CO2 footprint driven by UK final demand, 
amongst all production sectors in all countries. However, it is found to have numerous CO2  ‘ŚŽƚ-
ƐƉŽƚƐ ?ŝŶŝƚƐŝŶƚĞƌŶĂƚŝŽŶĂůƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?ŚŝŐŚůŝŐŚƚŝŶŐƚŚĞŝŵƉĂĐƚŽĨh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂů
tŽƌŬ ?ƐĞĐƚŽƌŽŶŐĞŶĞƌĂƚŝŽŶŽĨĞŵŝƐƐŝŽŶƐŝŶƚŚĞ h< ?ƐƚƌĂĚŝŶŐƉĂƌƚŶĞƌƐ ? 
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1. Introduction 
 
Over the last two decades the Input Output (IO) framework has become a widely used tool in studies 
related to the environmental impact of economic activities. One of the most commonly studied 
fields is the structure of CO2 emissions under different accounting principles. The prevailing policy 
approach internationally for mitigating climate change, adopted by UNFCCC, assigns responsibility to 
the participating members only for the emissions generated within their territory (United Nations, 
1992). This Production Accounting Principle (PAP) has been met with scepticism by numerous 
researchers (e.g. Wyckoff and Roop, 1994; Munksgaard and Pedersen, 2001) mainly due to the issue 
of emissions embodied in international trade, which may be overlooked by an approach that focuses 
on a single country. Furthermore, as Arrow et al (1995) discuss, developed countries can achieve 
their emissions reduction by moving their high emissions generating activities abroad, i.e. the 
phenomenon identified as carbon leakage.  
 
The fact that emissions-intensive goods are often produced for exports led to the suggestion that a 
Consumption Accounting Principle (CAP) would be a better way of assigning responsibility for the 
generated emissions. Under CAP the ultimate responsibility is assigned to the consumer of any given 
product or service, assuming that demand for production is the driver for any emissions, and 
therefore alleviating any responsibility from the producer. However, the policy focus in the UNFCCC 
COP21/CMP11 (in Paris, November 2015) remained the same, meaning that territorial PAP will be 
the approach used to calculate emissions and assign responsibility for action, at least in the medium 
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term. Additionally, policy makers, in the UK for example, have raised a number of issues associated 
with the implementation of consumption-based measures. As reflected in a report from the House 
of Commons Energy and Climate Change Committee (2012a), the (now part of the Department for 
Business, Energy & Industrial Strategy) Department of Energy and Climate Change (DECC) has 
highlighted the lack of robust and transparent data on international trade that would be crucial in 
designing consumption-based measures. Furthermore, the UK government, responding to the 
aforementioned report, has also brought forward the existence of practical complications due to the 
product-specific nature of the consumption-based emissions (House of Commons Energy and 
Climate Change Committee, 2012b).  
 
These by no means suggest that CAP should be disregarded, especially since there have been steps 
towards the direction of resolving the lack of robust data by publishing detailed Inter-Regional Input 
Output (IRIO) tables like the World Input Output Database (Timmer et al, 2015) and the OECD Inter-
Country Input Output database (OECD, 2015). In fact, in the same report by the UK House of 
Commons Energy and Climate Change Committee (2012a), it is highlighted what the potential 
benefits are from implementing consumption-based policies. However, it seems preferable to find a 
way to gather information and develop techniques to consider insights from both PAP and CAP 
measures to make more informed policy decisions. Moreover, demand is not the sole driver of 
emissions and more often than not consumers do not have any direct control of the production 
methods used. In this sense, CAP analysis may be regarded more as a useful approach in 
understanding the main economic pressure points that drive the emissions generated by producing 
ƐĞĐƚŽƌƐƌĂƚŚĞƌƚŚĂŶĂƌĞƐƉŽŶƐŝďŝůŝƚǇ ‘ƉƌŝŶĐŝƉůĞ ?ĂƐƐƵĐŚ ? 
 
In this paper, we propose that Ă ‘ŚŽƚ-ƐƉŽƚ ?ĂƉƉƌŽĂĐŚ, which studies the emissions from the 
perspective of both the producer and the consumer, offers a better understanding on the drivers 
and the structure of emissions. Given the globalised nature of modern economies, supply chains are 
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not restricted within the borders of a country.  It is necessary then to apply the methodology in a 
more global framework. IRIO provides such an accounting framework. Analysing the data available in 
the OECD Inter-Country Input-Output (ICIO) Database1 (OECD, 2015)2 it is possible to identify CO2 
ĞŵŝƐƐŝŽŶƐ ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶŐůŽďĂůƐƵƉƉůǇĐŚĂŝŶƐ ?ǀĂƌǇŝŶŐĨƌŽŵĚŝƌĞĐƚĞŵŝƚƚĞƌƐĂŶĚŝŶĚƵƐƚƌŝĂůŽƵƚƉƵƚƐ
ǁŝƚŚůĂƌŐĞŽǀĞƌĂůůĨŽŽƚƉƌŝŶƚƐ ?ŝŶƐĞƌǀŝŶŐĨŝŶĂůĚĞŵĂŶĚƐ )ƚŽƐƉĞĐŝĨŝĐƉŽŝŶƚƐŝŶƐĞĐƚŽƌƐ ?ƐƵƉƉůǇĐŚĂins 
that embody significant volumes and/or intensity of emissions. IRIO ensures that emissions 
embedded in international trade will be accounted for during the analysis. Therefore, it enables the 
decomposition of emissions embodied in downstream and upstream flow of goods for any given 
sector. The next section provides a review of the existing relevant literature.  Section 3 expands on 
the methodology and the data used while in Section 4 some key results are presented and discussed. 
The final section concludes and offers suggestions for further research.  
 
2. Literature background 
 
2.1 Inter-Regional Input Output in environmental studies 
 
Early CAP and PAP studies used Single Region Input Output (SRIO) (e.g. Munksgaard and Pedersen, 
2001; Machado et al, 2001). A SRIO can be created by using national IO tables (generally part of 
ŶĂƚŝŽŶĂůƐƚĂƚŝƐƚŝĐƐ )ĂůŽŶŐǁŝƚŚŶĞĐĞƐƐĂƌǇ ‘ƐĂƚĞůůŝƚĞ ?ĚĂƚĂĨŽƌƚŚĞĞŶǀŝƌŽŶŵĞŶƚĂůĞǆƚĞŶƐŝŽŶ ?Ğ ?Ő ?
emissions per industrial sector, which may or may not be provided through national accounting or 
other official published data sources). SRIO data provided through national statistics tend to have a 
greater level of sectoral detail than the Multi-Region IO (MRIO) or IRIO data provided by bodies such 
as OECD, the WIOD project or GTAP, and often also offer more break down of domestic final 
                                                          
1 Other published IRIO datasets include WIOD and GTAP. More details are provided in the following section. 
2 In this study, an earlier, pilot, version of the database is used. We are thankful to the OECD Directorate for Science, Technology and 
Innovation for providing access to the database and also for all the support in terms of collaboration and exchange of ideas and additional 
data. Their contribution has been invaluable. 
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consumers (e.g. breaking out tourist demand from household consumption). The downside of SRIO  W 
with imports and exports reported in an aggregate row and column respectively - is the lack of 
ŝŶĨŽƌŵĂƚŝŽŶŽŶƚŚĞĞŵŝƐƐŝŽŶƐŝŵƉĂĐƚŽĨŝŶƚĞƌŶĂƚŝŽŶĂůƚƌĂĚĞ ?ǀĞŶǁŚĞƌĞĂŶƵŶĚĞƌůǇŝŶŐ ‘ƵƐĞŵĂƚƌŝǆ ?ŝƐ
available to identify both domestic and imported goods and services imported to each production 
sector and final coŶƐƵŵĞƌďǇŽƵƚƉƵƚŽƌĐŽŵŵŽĚŝƚǇƚǇƉĞ ?ƚŚŝƐŝƐůŝŬĞůǇƚŽďĞĂŐŐƌĞŐĂƚĞĚĂƚ ‘ZĞƐƚŽĨ
tŽƌůĚ ? ?ZKt )ĐĂƚĞŐŽƌǇǁŝƚŚŶŽŝŶĨŽƌŵĂƚŝŽŶŽŶƉŽůůƵƚŝŽŶƚĞĐŚŶŽůŽŐŝĞƐŽĨƚŚĞŝŶĚƵƐƚƌŝĞƐůŽĐĂƚĞĚŝŶ
different countries. This way any analysis on emissions impacts attributed to final demand in SRIO 
ƚĞŶĚƐƚŽďĞĐŽŶĚƵĐƚĞĚƵŶĚĞƌƚŚĞ ‘ĚŽŵĞƐƚŝĐƚĞĐŚŶŽůŽŐǇĂƐƵŵƉƚŝŽŶ ?ƚŚĂƚƚŚĞŝŵƉŽƌƚĞĚŐŽŽĚƐŚĂǀĞ
been produced using the same technology as the examined economy (see Turner et al, 2011). In a 
globalised economy, this could lead to reduced accuracy and credibility of any findings. 
 
In an effort to capture the environmental impacts of international trade, there were efforts to 
produce MRIO frameworks (see Wiedmann et al, 2007; Wiedmann, 2009 for detailed reviews of 
SRIOs and MRIOs). MRIO and IRIO differ in terms of the detail incorporated in matrices recording 
inter-country transactions. However, the common feature of MRIO and IRIO is that they include 
inter-country transactions explicitly for every country in the framework, without having the imports 
and exports in aggregated categories (columns/rows) as in SRIO. Therefore, an approach based on 
MRIO or IRIO provides a fuller insight on the pollutants emitted to produce goods that will be used 
either as intermediate or final goods outside the territory of each directly emitting country. In one of 
the studies using MRIO, Lenzen et al (2004) expanded the work of Munksgaard and Pedersen (2001) 
to include Denmark and some of its major trading partners (Sweden, Norway and Germany) as well 
as ROW. Among their findings, Lenzen et al (2004) demonstrated that as they moved towards a 
scenario where country-level data on production (and polluting) technologies were incorporated, 
the emissions attributed to each country differed significantly. Denmark, for instance, was proven to 
be an emissions importer instead of an exporter as calculated in the SRIO analysis of Munksgaard 
and Pedersen (2001). These findings suggest that, in order to improve the accuracy of our findings, it 
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is of key importance to use frameworks as detailed as possible when it comes to the production 
technology and trade relationships of the countries included. In fact, the work by Shui and Harriss 
(2006) on the impact of trade between China and USA demonstrates that trade relations between 
very large and open economies may have a significant effect on global emissions.  
 
In general, MRIO/IRIO have been used for a variety of types of analyses, including estimation of a 
range of different types of footprints (ecological, carbon and water footprint), as well as materials 
use embodied in international trade (e.g. Munoz and Steininger, 2010; Serrano and Dietzenbacher, 
2010; Bruckner et al, 2012; Ewing et al, 2012). The progress and beneficial characteristics of 
MRIO/IRIO over the last years has been discussed by Wiedmann et al (2011). This review also 
provides an insight on what might be the requirements from future researchers who opt to use 
MRIO/IRIO analyses in determining the environmental impact of human activities. MRIO tends to be 
used where there are limitations on inter-regional trade data. Therefore, we hereon refer to the full 
IRIO approach.  
 
A common research interest amongst the studies using both SRIO and IRIO has been the allocation 
of responsibility for the emissions generated and investigating the differences between PAP and CAP 
findings for given countries under study. However, focusing on the differences in allocated emissions 
under different accounting principles does not necessarily offer a better understanding on the 
structure of the emissions. Turner et al (2007) moved towards the direction of a more in-depth study 
of the IRIO underlying matrices by using the IRIO theory to establish a method that can capture both 
the direct and indirect effects of human economic activities. Their method calculates the ecological 
footprint; however, by substituting the resource-use matrix with emission intensities matrix then the 
model can be used in the carbon footprint framework. In fact, McGregor et al (2008) used this 
approach to calculate the CO2 trade balance between Scotland and the rest of UK. A similar 
approach has been suggested when studying the concept of shared responsibility (e.g. Lenzen et al, 
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2007; Cadarso et al, 2012) where, due to the need to allocate responsibility to different points along 
supply chains, it was necessary to decompose the total emissions/footprint figures. One of the most 
recent IRIO is the Global Resource Accounting Model (GRAM) introduced by Wiebe et al (2012), who 
use the OECD Inter-Country Input-Output (ICIO) accounts to calculate the emissions embodied in 
international trade originating from energy use. The method used by Wiebe et al (2012) shares 
significant similarities to the approach discussed by Turner et al (2007).  
 
The papers by Turner et al (2007) and McGregor et al (2008) also highlight a number of issues that 
need to be addressed in order to generate credible results. The most significant one is the 
requirement for highly detailed datasets that meet specific characteristics such as: (a) all the 
transactions between the countries included reported in IO format with (b) common sector 
classifications and (c) inclusion of direct imports of final goods and detailed imports of intermediate 
goods. Therefore, IRIO tables are difficult and resource intensive to produce, providing one reason 
why IRIO has not been extensively used until recently. Amongst the existing IRIO datasets, one of the 
most extensively used ones is the World Input Output Database (WIOD) (Timmer et al, 2015). The 
WIOD dataset includes 40 countries plus Rest of the World (ROW) with 35 production sectors in 
each. The data have been harmonized in a way that the table of every country included has the 
same sector classification and the transactions are reported in US dollars (USD) across the board. 
Additionally, an array of social and environmental satellite accounts is included to facilitate the use 
of WIOD in a variety of fields. However, in this paper the OECD ICIO database is used as it benefits 
from a larger number of countries (57 plus ROW) and less aggregated sectors in each country (37 
sectors rather than 35 in WIOD). The fact that the sectors are grouped differently compared to 
t/KĂůƐŽŵĞĂŶƚƚŚĂƚŝƚǁĂƐŶĞĐĞƐƐĂƌǇƚŽĐƌĞĂƚĞĂ ‘ƐĂƚĞůůŝƚĞ ?ĞŵŝƐƐŝŽŶƐĂĐĐŽƵŶƚĨŽƌƵƐĞŝŶƚŚĞ
environmental IRIO, rather than using the one published as part of the WIOD project. 
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 ? ? ? ?,Žƚ-ƐƉŽƚƐ ?ĂŶĚŬĞǇƐĞĐƚŽƌƐ 
 
Even though Input-Output frameworks have been extensively used in environmental studies, the 
ĐŽŶĐĞƉƚŽĨ ‘ŚŽƚ-ƐƉŽƚƐ ?ŚĂƐƌĞĐĞŝǀĞĚůŝŵŝƚĞĚĂƚƚĞŶƚŝŽŶ ?ĞƐƉĞĐŝĂůůǇǁŚĞŶƐƚƵĚǇŝŶŐCO2 emissions. There 
ĂƌĞĞǆĂŵƉůĞƐŽĨƐƚƵĚŝĞƐŝĚĞŶƚŝĨǇŝŶŐ ‘ŚŽƚ-ƐƉŽƚƐ ?ďƵƚĞŝƚŚĞƌĨŽĐƵƐŽŶƐƉĞĐŝĨŝĐĐŽŵŵŽĚŝƚŝĞƐŽƌƵƐĞ
different economic tools or even study different types of environmental effects. For instance, 
ĐƋƵĂǇĞĞƚĂů ? ? ? ? ? )ĨŽĐƵƐƐƉĞĐŝĨŝĐĂůůǇŽŶƚŚĞ ‘ŚŽƚ-ƐƉ ƚƐ ?ĂůŽŶŐƚŚĞďŝŽĚŝĞƐĞůƐƵƉƉůǇĐŚĂŝŶ ?ǁŚŝůĞ
dƵƌŶĞƌĞƚĂů ? ? ? ? ? )ĚĞƚĞƌŵŝŶĞĚ ‘ŚŽƚ-ƐƉ ƚƐ ?ŝŶŵĞƚĂůŵĂŶƵĨĂĐƚƵƌĞǁŝƚŚŝŶƚŚĞtĞůƐŚĞĐŽŶŽŵǇ ?ŝŶ
performing a CGE analysis) and Court et al (2015) field of interest is hazardous waste in domestic 
supply chains for a range of different types of production and consumption. 
 
However, methodologies to help distinguish which sectors and coefficients in an IO framework are 
the most important in an economy have been developed for many years and there exist studies that 
discuss on methods to identify those sectors and coefficients. The methods identifying important 
sectors are usually referred to as key sector analysis and they are applicable at inter-regional, 
national and sub-national level. Rasmussen (1957), Chenery and Watanabe (1958), Hirschman 
(1958), Dietzenbacher (1992), Sonis et al (2000), Miller and Lahr (2001), Midmore et al (2006) are 
only some examples of studies that present and discuss on methodologies to identify key sectors. All 
of them provide different approaches that can be used to identify sectors which have strong forward 
and/or backward linkages. Our methodology builds primarily on the more classic methods 
(Rasmussen, 1957; Chenery and Watanabe, 1958; Hirschman, 1958) rather than the eigenvector 
method (Dietzenbacher, 1992; Midmore et al, 2006). The classic key sector analysis uses the Type I 
ŽƵƚƉƵƚŵƵůƚŝƉůŝĞƌĂƐĂŶŝŶĚŝĐĂƚŽƌŽĨĂƐĞĐƚŽƌ ?ƐďĂĐŬǁĂƌĚůŝŶŬĂŐĞƐ ?/ŶĂƐŝŵŝlar way, we examine each 
ƐĞĐƚŽƌ ?ƐdǇƉĞ/ĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌĂŐĂŝŶƐƚŝƚƐĨŝŶĂůĚĞŵĂŶĚƚŽŐĂƵŐĞǁŚĞƚŚĞƌƚŚĞƐĞĐƚŽƌŝƐŚĞĂǀŝůǇ
ĚĞƉĞŶĚĞŶƚŽŶƉŽůůƵƚŝŶŐŝŶƉƵƚƐŽƌŝƚŝƐƚŚĞǀŽůƵŵĞŽĨĨŝŶĂůĚĞŵĂŶĚƚŚĂƚŵĂŝŶůǇĚƌŝǀĞƐƚŚĂƚƐĞĐƚŽƌ ?Ɛ
footprint. In essence, our approach considers the backward linkages of each sector but introduces 
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measurement of emissions to the calculation so that the backward linkages are examined from the 
perspective of the environmental impact. However, our proposed methodology moves forward by 
disaggregating the supply chains, and therefore the forward and backward linkages, in order to 
study which of their components are the most polluting.  
 
In that sense, our methodology shares a somewhat similar reasoning to what is referred to as 
 ‘ŝŵƉŽƌƚĂŶƚĐŽĞĨĨŝĐŝĞŶƚ ?ĂŶĂůǇƐŝƐ ?WĞƌŚĂƉƐƚŚĞŵŽƐƚƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚĂƉƉƌŽĂĐŚǁĂƐŝŵƉůĞŵĞŶƚĞĚďǇ
Okamoto (2005) who used the value of the average transaction on the 2000 China Multi-Regional IO 
data (CMRIO) to distinguish the important transactions. However, as Miller and Blair (2009, pp567-
570) describe, there are a number of developed methodologies that identify coefficients in the Input 
Output coefficients matrix that if they undergo changes they lead to significant changes in the 
Leontief inverse3. Even though our approach is different in that we apply our analysis after the 
calculation of the Leontief inverse, still the two methods have a common motivation; to highlight 
those elements, of the Emissions multipliers matrix and the CO2 emissions matrix in our method or 
ƚŚĞ/ŶƉƵƚKƵƚƉƵƚĐŽĞĨĨŝĐŝĞŶƚƐŵĂƚƌŝǆŝŶ ‘ŝŵƉŽƌƚĂŶƚĐŽĞĨĨŝĐŝĞŶƚ ?ĂŶĂůǇƐŝƐ ?ǁŚŝĐŚŚĂǀĞĂŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚ
role to play in meeting our different goals set. 
 
3. Methodology and data 
 
3.1 Inter-Regional Input Output 
 
As has already been discussed, in order to study the generated emissions due to international trade 
it is necessary to use an IO framework that includes multiple regions, or countries as in this study. 
The basic IO equation of a framework with 2 regions, a simpler version of the framework used in this 
paper, is the following. 
                                                          
3 More details on the Leontief inverse, as well as all the other matrices mentioned in this section, are presented in the next section 
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ቂܺଵଵ ܺଵଶܺଶଵ ܺଶଶቃ ൌ ሺ൤ܫଵ  ? ? ܫଶ൨ െ ቂܣଵଵ ܣଵଶܣଶଵ ܣଶଶቃሻିଵ ቂܻଵଵ ܻଵଶܻଶଵ ܻଶଶቃሺ ?ሻ 
 ܺଵଵ is a ܰ ൈ  ? vector of output of every sector ݅ ൌ  ?ǡ ǥ ǡ  ܰproduced and supported by final 
consumption demand originating in region  ?, while  ܺଵଶ is the output produced in region  ? and 
supported by final consumption demand originating in region 2 (via export demands ܻଵଶ). In the 
same way ܺଶଵ is the output produced in region  ? and supported by export demand from region  ? 
while ܺଶଶ is the output supported by domestic final consumption demand in region  ?. Each ܰ ൈ ܰ 
matrix ܣ is called an input-output coefficients matrix. For example each element ܽ௜௝ଵଶ of matrix ܣଵଶ 
shows the intermediate purchase of input from sector ݅ in region  ? as a share of total input in sector ݆ output in region  ? (݅ǡ ݆ ൌ  ?ǡ ǥ ǡ )ܰ. The key point to note, relative to SRIO, is that the elements of ܣଵଶ and ܣଶଵ are part of (endogenous) intermediate matrix rather than (exogenous) final demand 
(exports) and primary input (imports). In the framework used in this study the output of each sector 
is reported in monetary value, in millions of US dollars (USD millions).  
 
Finally, ܻଵଵ is a ܰ ൈ ܼ vector of final demand for output from the sectors in region  ? by final 
consumers in region  ?, while ܻଵଶ is the final demand for output from the sectors in region  ? that is 
exported to final consumers in region  ?. Similarly,  ܻଶଵ is the final demand for output of sectors in 
region  ? exported to final consumers in region  ? while ܻଶଶ is the domestic final demand for output 
from the sectors in region  ?. Each element ݕ௝௭ଵଶ of ܻଵଶ represents the type ݖ, ݖ ൌ  ?ǡ Ǥ Ǥ Ǥ ǡ ,ܼ final 
demand for output of sector ݆ in region  ? exported to of final consumers in region  ?. Types of final 
demand include public and private (household and government) final consumption or capital 
formation. In this way, it is possible to identify the output in regions 1 and 2 supported by specific 
types of final demand in either region (the partitioned X matrix) 
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Moving forward, we subtract the partitioned input-output coefficients matrix from the identity 
matrix I, which is partitioned with zero matrices on the interregional elements, and invert. This gives 
us the partitioned interregional Leontief inverse ܮ: ܮூோூை ൌ ሺ൤ܫଵ  ? ? ܫଶ൨ െ ቂܣଵଵ ܣଵଶܣଶଵ ܣଶଶቃሻିଵሺ ?ܽሻ 
For the general case where there are multiple regions ݎǡ ݏ ൌ  ?ǡ ǥ ,ܶ the Leontief inverse is reported 
as: 
ܮூோூை ൌ ۏێێێ
ێۍ݈௜௝ଵଵ ڮ ݈௜௝ଵ௦ ڮ ݈௜ேଵ்ڭ ڰ ڭ݈௜௝௥ଵ ڮ ݈௜௝௥௦ ڰ ڭڮ ݈௜ே௥்ڭ ڰ ڭ݈ே௝்ଵ ڮ ݈ே௝்௦ ڰ ڭڮ ݈ேே்் ےۑۑۑ
ۑېሺ ?ܾሻ 
Each element ݈௜௝௥௦ of the Leontief inverse indicates the output required from sector ݅ in region ݎ to 
meet one monetary unit worth of sector ݆ final demand in region ݏ. The column totals give us the 
interregional output multipliers of each sector ݆. When ݎ ൌ ݏ then the sectors are within the same 
country and the sum of column entries in this sub-matrix give us own-country output multiplier 
effects. However, note that even though ܣ௥௥  will be the same as the input-output coefficients matrix 
of region ݎ in an SRIO, this does not mean that ܮூோூை௥௥  is necessarily the same as the single region 
Leontief inverse of region ݎ. This is due to the fact that IRIO also captures interregional feedback 
effects: that is, intermediate goods produced in region ݎ that are exported to intermediate 
consumption to another region ݏ before the outputs of region ݏ sectors are imported as inputs by 
region ݎ sectors.  
 
When there are more than two regions, the final demand matrix for total final demand for the 
output of each sector ݆ in each region ݏ (row totals of vector ܻ) is the following: 
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ܦ ூܻோூை ൌ ൥ܻ௦  ?ڰ ? ்ܻ ൩ ൌ ۏێێ
ێێێ
ۍݕ௝௦  ? ? ڰ ?  ?  ?  ? ?  ?ݕே௦  ?  ?  ?  ? ?  ?  ? ?  ?  ? ?  ?  ? ڰ  ?  ?  ? ?  ? ?  ? ?  ?  ?  ? ?  ? ?  ? ݕ௝்  ?  ? ? ڰ  ? ?  ? ݕே்ےۑۑ
ۑۑۑ
ېሺ ?ܽሻ 
However, it is also possible to focus on any one specific source of final demand for output by the 
final consumers in one specific region. In that case the final demand matrix is the following: 
ܦ ௭ܻ௦ூோூை ൌ ൥ ௭ܻ௥௦  ?ڰ ? ௭்ܻ ௦൩ ൌ ۏێێ
ێێێ
ۍݕ௝௭௥௦  ? ? ڰ ?  ?  ?  ? ?  ?ݕே௭௥௦  ?  ?  ?  ? ?  ?  ? ?  ?  ? ?  ?  ? ڰ  ?  ?  ? ?  ? ?  ? ?  ?  ?  ? ?  ? ?  ? ݕ௝௭்௦  ?  ? ? ڰ  ? ?  ? ݕே௭்௦ ےۑۑ
ۑۑۑ
ې ሺ ?ܾሻ 
Each element ݕ௝௭௥௦ of ܦ ௭ܻ௦ூோூை in ሺ ?ܾሻ represents the final demand for the output of sector ݆ in region ݎ that is generated by consumer ݖ in region ݏ. Therefore, the matrix as a whole reflects the demand 
of final consumers ݖ in region ݏ for output from all the sectors in all the regions included in the IRIO. 
It is also possible to express the final demand diagonal matrix in a way that it shows the total final 
demand for the output of sector ݆ in region ݎ that is generated by total final consumption in a given 
region ݏ (e.g. UK final consumption). In that case the final demand diagonal matrix will be the 
following: 
ܦ ூܻோூை௦ ൌ ൥ܻ௥௦  ?ڰ ? ்ܻ ௦൩ ൌ ۏێێ
ێێێ
ۍݕ௝௥௦  ? ? ڰ ?  ?  ?  ? ?  ?ݕே௥௦  ?  ?  ?  ? ?  ?  ? ?  ?  ? ?  ?  ? ڰ  ?  ?  ? ?  ? ?  ? ?  ?  ?  ? ?  ? ?  ? ݕ௝் ௦  ?  ? ? ڰ  ? ?  ? ݕே்௦ےۑۑ
ۑۑۑ
ېሺ ?ܿሻ 
For the elements of ሺ ?ܿሻ we have that ݕ௝௥௦ ൌ  ? ݕ௝௭௥௦௓௭ୀଵ . 
 
By post-multiplying the diagonal matrix of total final demand ሺ ?ܽሻ by the Leontief inverse the result 
is the following matrix: 
 
 13 
ܮூோூைܦ ூܻோூை ൌ ۏێێێ
ێۍ݈௜௝ଵଵݕ௝ଵ ڮ ݈௜௝ଵ௦ݕ௝௦ ڮ ݈௜ேଵ்ݕே்ڭ ڰ ڭ݈௜௝௥ଵݕ௝ଵ ڮ ݈௜௝௥௦ݕ௝௦ ڰ ڭڮ ݈௜ே௥்ݕே்ڭ ڰ ڭ݈ே௝்ଵݕ௝ଵ ڮ ݈ே௝்௦ ݕ௝௦ ڰ ڭڮ ݈ேே்் ݕே்ےۑۑۑ
ۑېሺ ?ሻ 
 
Studying the elements of ሺ ?ሻ  W which could also be calculated by using subsets of final demand from ሺ ? ሻܾ and ሺ ? ሻܿ - it is possible to identify how the total production in each sector is ultimately 
supported or driven by demands for the outputs of different sectors located in different regions. 
Moreover, ሺ ?ሻ allows us to consider these demands in terms of total or any given sub-type of final 
demand (where sub-elements of the total ݕ௝௦ are applied). Each element ݈௜௝௥௦ݕ௝௦ of ሺ ?ሻ represents the 
production required from sector ݅ in region ݎ to meet the final demand for output of sector j in 
region s. Examining the elements along each row of ሺ ?ሻ - the row totals of which correspond to total 
output of sector ݅ in region ݎ - it is possible to consider output supported at different points of each 
ƐĞĐƚŽƌ ?ƐĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?dŚŝƐŝƐƚŚĞƉƌŽĚƵĐƚŝŽŶŝŶĞĂĐŚƐĞĐƚŽƌƌĞƋƵŝƌĞĚƚŽƐƵƉƉŽƌƚƚŚĞĨŝŶĂů
demand for output produced in others, both within the same country and others. Similarly, the 
elements down a column of ሺ ?ሻ  W the sum of which is the total output across the global economy 
ultimately driven by final demand for output in the sector in question - ĚĞƚĂŝůĂƐĞĐƚŽƌ ?ƐĚŝƌĞĐƚƉůƵƐ
indirect upstream supply chain requirements, extending beyond the limits of the country where that 
sector is located.  
 
It is important to note that, in constructing this system as a full IRIO, it is necessary that the 
elements outside the main diagonal, where ݎ ് ݏ, have been derived from actual data, not 
estimates4. The amount of detailed data required to produce IRIO tables is rather large, but in 
ĂƉƉůŝĐĂƚŝŽŶƐůŝŬĞ ‘ŚŽƚ-ƐƉŽƚ ?ĚĞƚĞĐƚŝŽŶĂŶĚĂŶĂůǇƐŝƐ ?ƚŚĞŝŶĐƌĞĂƐĞĚĂĐĐƵƌĂĐǇƉƌŽǀŝĚĞĚďǇ/Z/KŝƐŽĨ
paramount importance.  
                                                          
4 In MRIO the elements outside the main diagonal, ܣ௥ଵ for instance, are estimated by pre-multiplying ܣଵଵ with a coefficients matrix, the 
elements of which represent the portion of the monetary flow from region r to region 1 over the total monetary flow to region 1, for each 
of the industry sectors (see Miller and Blair, 2009, pp 91-93). 
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3.2 Environmental IRIO 
 
IRIO can be expanded to report the emissions embodied in transactions between industrial sectors 
of different regions. The first step is to create an ܧ matrix which includes CO2 emissions coefficients 
for industries in all included regions. To do so, it is required to have satellite emissions data reported 
at sector level, for every sector of every country included in the IRIO. 
ܧூோூை ൌ ൥ܧ௥  ?ڰ ? ்ܧ ൩ ൌ ۏێێ
ێێێ
ۍ݁௜௥  ? ? ڰ ?  ?  ?  ? ?  ?݁ே௥  ?  ?  ?  ? ?  ?  ? ?  ?  ? ?  ?  ? ڰ  ?  ?  ? ?  ? ?  ? ?  ?  ?  ? ?  ? ?  ? ݁௜்  ?  ? ? ڰ  ? ?  ? ே்݁ےۑۑ
ۑۑۑ
ېሺ ?ሻ 
Each element ݁௜௥ represents the CO2 emissions coefficient (or carbon intensity) of sector ݅ in region ݎ, i.e. the emissions (in physical units  W million tonnes (Mt) of CO2 in this paper) generated by sector ݅ in region ݎ per monetary unit worth of output. The emissions coefficients are obtained by dividing 
ƚŚĞƚŽƚĂůĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐŽĨĞĂĐŚƐĞĐƚŽƌďǇƚŚĞƐĞĐƚŽƌ ?ƐƚŽƚĂůŽƵƚƉƵƚ ?ǇƉƌĞ-multiplying ܧூோூை to the 
Leontief inverse, each emissions coefficient is matched to the appropriate element of the Leontief 
inverse. The resulting matrix shall be called Emissions multipliers matrix: 
ܧ݉݉ூோூை ൌ ܧூோூைܮூோூை ൌ ۏێێێ
ێۍ ݁௜ଵ݈௜௝ଵଵ ڮ ݁௜ଵ݈௜௝ଵ௦ ڮ ݁௜ଵ݈௜ேଵ்ڭ ڰ ڭ݁௜௥݈௜௝௥ଵ ڮ ݁௜௥݈௜௝௥௦ ڰ ڭڮ ݁௜௥݈௜ே௥்ڭ ڰ ڭ݁ே்݈ே௝்ଵ ڮ ݁ே்݈ே௝்௦ ڰ ڭڮ ݁ே்݈ேே்் ےۑۑۑ
ۑېሺ ?ሻ 
The column totals of ሺ ?ሻ for each sector ݆ correspond to the output-emissions multiplier of each 
sector. However, with the decomposition approach adopted here, ሺ ?ሻ allows us to consider the 
sectoral and spatial composition of these multipliers. Each element ݁௜௥݈௜௝௥௦ shows the emissions 
generated by sector ݅ in region ݎ to meet one monetary unit worth of final demand for the output of 
sector ݆ in region ݏ. Post-multiplying then with the diagonal (total) final demand matrix (3a), the 
result is the EIRIO CO2 emissions matrix ܥ݁݉ூோூை:  
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ܥ݁݉ூோூை ൌ ܧ݉݉ூோூைܦ ூܻோூை ൌ ۏێێێ
ێۍ ݁௜ଵ݈௜௝ଵଵݕ௝ଵ ڮ ݁௜ଵ݈௜௝ଵ௦ݕ௝௦ ڮ ݁௜ଵ݈௜ேଵ்ݕே்ڭ ڰ ڭ݁௜௥݈௜௝௥ଵݕ௝ଵ ڮ ݁௜௥݈௜௝௥௦ݕ௝௦ ڰ ڭڮ ݁௜௥݈௜ே௥்ݕே்ڭ ڰ ڭ݁ே்݈ே௝்ଵݕ௝ଵ ڮ ݁ே்݈ே௝்௦ ݕ௝௦ ڰ ڭڮ ݁ே்݈ேே்் ݕே்ےۑۑۑ
ۑېሺ ?ሻ 
ܥ݁݉ூோூை is the core matrix of the method used in this paper ĂŶĚƚŚĞ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐǁŝůůďĞ
conducted on its elements and the version based on (3c) for total UK final demand. The elements of 
the ܥ݁݉ூோூை demonstrate (for the accounting year in question) the spatial and industrial distribution 
of emissions embedded in the supply chain of the total domestic final consumption in any one 
consuming region. Each element ݁௜௥݈௜௝௥௦ݕ௝௦ tells us the emissions generated by sector ݅ in region ݎ to 
meet the total final demand requirements for output of sector ݆ in region ݏ. As with output in 
equation ሺ ?ሻ in the previous sub-section, the elements along each row of ሺ ?ሻ show how the 
generation of emissions in each producing sector ݅ can be distributed among all the sectors ݆, in all ܶ 
regions in terms of supporting their final demand, i.e. the downstream supply chain. That is, the 
elements of ሺ ?ሻ report emissions embodied in output to meet final demands of each sector ݆ that 
are actually generated by sector ݅. The sum of each row in ሺ ?ሻ is the total emissions directly 
generated by each sector ݅ in each region ݎ as would be recorded under a standard PAP 
measurement. On the other hand, the elements down each column of ሺ ?ሻ show the embodied 
emissions in each point of each sector ݆ ?ƐƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?ƌĞŐĂƌĚůĞƐƐŽĨƚŚĞƌĞŐŝŽŶǁŚĞƌĞƚŚĂƚ
point is located. Thus, the sum of each column shows the global CO2 footprint of production to 
support final consumption (regardless of the location of that final consumption) of each sector ݆.  
 
However, if the focus is to calculate the emissions attributed to a particular country under CAP, it is 
necessary to: (a) limit the ݕ elements used in calculating ሺ ?ሻ to total domestic final consumption 
generated from within the country in question (but which will involve positive entries in all regions 
that there are direct imports from); and (b) add the emissions directly generated by those final 
consumers (generally limited to households with direct emissions generated; in public sector activity 
recorded in government production rather than consumption activities).  Here we focus our 
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attention on the composition of industrial emissions so we limit our attention to ሺ ?ሻ, whether for 
total final consumption demands or different types and/or locations of demand therein (i.e. we 
abstract from emissions directly generated by final consumers). 
 
The advantage of the decomposed approach detailed above is that it enables to study the structure 
of industrial emissions and also the identification of those elements of ሺ ?ሻ that make the most 
significant contribution in terms of CO2 emitted. Moreover, as shown in the previous chapter, quite 
often the majority of the CO2 emissions required by a sector (directly or indirectly) are located within 
a small number of components of its supply chain.  
 
 ? ? ?ŵŝƐƐŝŽŶƐ ?ŚŽƚ-ƐƉŽƚƐ ? 
 
dŚĞĚŝĨĨĞƌĞŶƚĐĂƚĞŐŽƌŝĞƐŽĨ ‘ŚŽƚ-ƐƉŽƚƐ ?ŝĚĞŶƚŝĨŝĞĚŝŶƚŚŝƐƉĂƉĞƌhave already been described briefly in 
the first section. This section presents the methodology developed to identify the different types of 
 ‘ŚŽƚ-ƐƉŽƚƐ ? ?&ŽƌƚŚĞƉƵƌƉŽƐĞƐŽĨƚŚŝƐƐƚƵĚǇĂƐĂ ‘ŚŽƚ-ƐƉŽƚ ?ŝƐĐŽŶƐŝĚĞƌĞĚ: 
(a) A sector that in producing output directly generates significantly more emissions compared 
to other sectors in an economy either to support total final consumption demand or 
components thereof (e.g. in our  ‘hot-spot ? analysis focusing on the global supply chain 
serving a particular type or location  W e.g. UK below - of consumer(s)); i.e. has a larger sum 
of its row in ሺ ?ሻ.  
(b) A sector where the output produced to meet final demand for its output (again, either in 
total or components thereof), directly and/or indirectly, has a larger footprint, i.e. larger 
sum down its column in ሺ ?ሻ, compared to other sectors in an economy 
(c) ƉŽŝŶƚŝŶĂƐĞĐƚŽƌ ?ƐĚŽǁŶƐƚƌĞĂŵŽƌƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?ĂŶĞůĞŵĞŶƚwithin ሺ ?ሻ that 
embodies emissions above a set threshold level in serving all or particular type(s) of final 
consumption demand. 
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Table 1 is a simple illustrative example for two regions, A and B, with 3 industrial sectors in each. 
ǆĂŵŝŶŝŶŐƚŚĞĚĂƚĂŽĨdĂďůĞ ?ǁŝůůĂŝĚŝŶƵŶĚĞƌƐƚĂŶĚŝŶŐƚŚĞŵĞƚŚŽĚŽůŽŐǇƵƐĞĚƚŽŝĚĞŶƚŝĨǇ ‘ŚŽƚ-ƐƉŽƚƐ ? ? 
 
 
 
dŽŝĚĞŶƚŝĨǇdǇƉĞ ?Ă ) ‘ŚŽƚ-ƐƉŽƚƐ ?ĂůůƚŚĂƚŝƐƌĞƋƵŝƌĞĚŝƐƚŽƐƵŵthe elements along the row of each 
sector to calculate the total direct emissions generated by each sector. In Table 1 the sector with the 
ůĂƌŐĞƐƚǀŽůƵŵĞŽĨĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐŝƐ^ĞĐƚŽƌ ?ŽĨZĞŐŝŽŶ ?ǁŚŝĐŚĐĂŶďĞŝĚĞŶƚŝĨŝĞĚĂƐĂdǇƉĞ ?Ă ) ‘ŚŽƚ-
ƐƉŽƚ ? ? 
 
SimilaƌůǇ ?ƚŽŝĚĞŶƚŝĨǇdǇƉĞ ?ď ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŝƚŝƐŶĞĐĞƐƐĂƌǇƚŽƐƵŵƚŚĞĞůĞŵĞŶƚƐĚŽǁŶƚŚĞĐŽůƵŵŶŽĨ
each sector, calculating the emissions generated throughout the upstream global supply chain to 
ŵĞĞƚĞĂĐŚƐĞĐƚŽƌ ?ƐĨŝŶĂůĚĞŵĂŶĚ ?ŝ ?Ğ ?ƚŚĞK2 footprint of each secƚŽƌ ?ƐƉƌŽĚƵĐƚŝŽŶƚŽŵĞĞƚĨŝŶĂů
consumption demand. It can be seen in Table 1 that the sector with the largest footprint is Sector 2 
of Region B, however Sector 2 of Region A has a similar footprint. Therefore, both sectors can be 
ŝĚĞŶƚŝĨŝĞĚĂƐdǇƉĞ ?ď ) ‘ŚŽt-ƐƉŽƚƐ ? ? 
 
dŽŝĚĞŶƚŝĨǇƚŚĞůĂƐƚƚǇƉĞŽĨ ‘ŚŽƚ-ƐƉŽƚƐ ?ŝƚŝƐŶĞĐĞƐƐĂƌǇƚŽĚĞĨŝŶĞĂƚŚƌĞƐŚŽůĚŽĨĞŵŝƐƐŝŽŶƐ ?As an 
ŝůůƵƐƚƌĂƚŝǀĞĞǆĂŵƉůĞŽĨĂ ‘ŚŽƚ-ƐƉŽƚ ?ƚŚƌĞƐŚŽůĚ ?ǁĞŵĂǇŝĚĞŶƚŝĨǇType (c)  ‘ŚŽƚ-ƐƉŽƚƐ ?ďǇĨŝƌƐƚŝĚĞŶƚŝĨǇŝŶŐ
the row maximums for each row in ሺ ?ሻ. Then, if we take the average of row maximums, every 
element of ሺ ?ሻ ĂďŽǀĞƚŚŝƐĂǀĞƌĂŐĞŵĂǇĐŽŶƐŝĚĞƌĞĚĂdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚ ? ? Using averages as a 
criterion to identify important cells in IO data is not an uncommon approach as it was used for 
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instance by Okamoto (2005) on the 2000 China Multi- Regional IO data (CMRIO) to distinguish the 
important transactions. In Table 1 such points are the production of Region A Sectors 1 and 3 and 
Region B Sector 1 for their own final demand, the production of Region B Sector 1 required by 
Region A Sector 2 and Region B Sector 2, as well as the output of Sector 2 in Region A required by 
Sector 2 in Region B. ƐĐĂŶďĞƐĞĞŶŝŶdĂďůĞ ? ?dǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉ Ɛ ?ĞŝƚŚĞƌŚĂǀĞƚŚĞŵĂũŽƌƐŚĂƌĞŽĨĂ
ƐĞĐƚŽƌ ?ƐĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐŽƌĐŽŶƚƌŝďƵƚĞƚŚĞŵĂũŽƌŝƚǇŽĨĞŵŝƐƐŝŽŶƐƚŽĂƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚ ? 
 
In practice, there may be some more specific and policy-motivated means of specifying thresholds 
(in the context of emissions targets etc.). For example,  ‘ŚŽƚ-ƐƉŽƚ ?ƚŚƌĞƐŚŽůĚƐĐĂŶďĞƐĞƚŝŶ
accordance with environmental research outcomes and/or derived from the goals set for each 
country under international climate change agreements. Under the recent multinational agreements 
like the UNFCCC agreements and the Europe 2020 strategy, participating nations are required to 
reduce their greenhouse gas emissions by a set percentage (different for each party) compared to 
1990, which is set as a baseline year. Using the CO2 emissions inventory for 1990, adjusted for the 
goal of each country that we are interested in, it is possible to calculate the average embodied 
emissions in each of the transactions within this country. Setting that as the threshold level on the 
latest IO data would then identify the intersectoral transactions that require policy attention in 
order to meet the set goals. Unfortunately, not every country faces the same challenges, 
participates and ratifies the international agreements or has the same agenda in terms of the 
relationship between economic expansion and environmental protection. Under those constraints, 
ƚŚĞĨůĞǆŝďŝůŝƚǇŽĨƚŚŝƐŵĞƚŚŽĚŝŶĚĞƚĞƌŵŝŶŝŶŐƚŚĞ ‘ŚŽƚ-ƐƉŽƚ ?ƚŚƌĞƐŚŽůĚůĞǀĞůŝƐƵƐĞĨƵů ? For the purposes 
of this paper the threshold is assumed to be the same across every country, however, it is possible 
to assign a different threshold for each country. In this way, ƚŚĞ ‘ŚŽƚ-ƐƉŽƚƐ ?ŝĚĞŶƚŝĨŝĞĚĂƌĞĞǆĂŵŝŶĞĚ
under the prism of the obligations of the country where they are located, hence facilitating 
multilateral co-operation.  
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However, the core objective of deriving the method here is to help understand the structure of 
emissions serving all or particular types/locations of final demand. Focusing on aggregate figures for 
CAP and/or PAP deprives us from important information on where the majority of emissions to 
support any given component of county level or total global consumption demand are located and 
to consider this in the context of understanding domestic and global supply chain relationships. For 
instance, in Table 1, most of the emissions in the upstream supply chain of Sector 2 in Region 2 are 
ůŽĐĂƚĞĚŝŶƚŚĞƚǁŽdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ? ?,ŽǁĞǀĞƌ ?ƚŽŚĂǀĞĂŶĞǀĞŶĨƵůůĞƌƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨƚŚĞ
ĞŵŝƐƐŝŽŶƐŝƚŝƐŶĞĐĞƐƐĂƌǇƚŽĂƉƉůǇƚŚĞ ‘ŚŽƚ-ƐƉŽƚ ?ŵĞƚŚŽĚŽůŽŐǇŽŶƚŚĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌƐŵĂƚƌŝǆሺ ?ሻ. Assuming everything else remains constant, ideŶƚŝĨǇŝŶŐ ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶሺ ?ሻ  - i.e. based on the 
direct and indirect emissions intensity per average unit of output required at a particular point in an 
ŝŶĚƵƐƚƌǇ ?ƐƐƵƉƉůǇĐŚĂŝŶ- ĞŶĂďůĞƐƚŽůŽĐĂƚĞƉŽƚĞŶƚŝĂů ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶĂďƐŽůƵƚĞŶƵŵďĞƌƐŝŶƚŚĞĞǀĞŶƚ
that associated final demand increases (though it is important to note that this involves assuming 
that average multiplier relationships given by the accounting framework for particular point in time 
will apply in terms of marginal impacts). Furthermore, studying the underlying multipliers of the 
 ‘ŚŽƚ-ƐƉŽƚƐ ?ŝĚĞŶƚŝĨŝĞĚŝŶK2 emissions matrix ሺ ?ሻ ?ĂůůŽǁƐĨŽƌĂĚŝƐƚŝŶĐƚŝŽŶďĞƚǁĞĞŶƚŚŽƐĞ ‘ŚŽƚ-ƐƉŽƚƐ ?
that were mainly driven by the multipliers (intensity) and those that the main driver is scale of 
economic activity. 
 
3.4 Data 
 
For this study the IRIO account used is the pilot OECD Inter-Country Input-Output Database focusing 
on the most recent data of 2009. The database consists of:  
x 57 countries, both OECD and non-OECD members, plus the Rest of the World (see Appendix 
A for a full list of countries);  
x Industrial sectors have been grouped into 37 sectors following ISIC v3.1 (see Appendix B for 
complete list of sector grouping).  
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Apart from the intermediate goods/inputs the database also includes:  
x Taxes less subsidies on products 
x Cost, insurance and freight price/free on board price adjustments on exports 
x Direct purchases abroad by residents (imports to final consumption) 
x Purchases on the domestic territory by non-residents 
x Value-added at basic prices 
x International transport margins. 
Final demand is aggregated into five categories:  
x Private (Household) Consumption 
x Non-Profit Institutions Serving Households 
x Government Final Consumption 
x Gross Fixed Capital Formation 
x Inventory (changes in stocks). 
 
A key point is that this dataset meets the requirements described by Turner et al (2007) as necessary 
for a global Inter Regional Input Output (IRIO) table that can be used for multiplier-based CAP and 
PAP analyses. The database includes direct imports of final goods as well as detailed data on the 
import of intermediate goods. The data have been harmonised in terms of making consistent data 
from a range of different sources (in particular, building up interregional elements from data on bi-
lateral trade flows) and follow the same classification throughout the dataset. The final result is an 
IRIO table that demonstrates all the transactions between the countries included in IO format. 
However, since the database is at a pilot stage, it is constantly evolving. This means that there could 
be inaccuracies, which as the project develops are being reduced in an effort to create a more solid 
dataset. Nonetheless, the OECD database is preferred in this study over other widely used datasets 
e.g. WIOD. The most significant advantage of the OECD database is the greater degree of sectoral 
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detail, 37 sectors instead of 35, which according to Wyckoff and Roop (1994) enhances the accuracy 
of the final results.  
 
DŽǀŝŶŐĨŽƌǁĂƌĚ ?ƚŽĐƌĞĂƚĞƚŚĞ ‘ƐĂƚĞůůŝƚĞ ?ĞŵŝƐƐŝŽŶƐĂĐĐŽƵŶƚŝƚǁas necessary to explore the emissions 
directly associated with industrial outputs in the IO table. The account that was built for the 
purposes of this paper includes the emissions generated by fuel combustion either during 
production or by auto-producing heat and electricity, fugitive gases during coal and oil extraction 
and emissions by industrial processes. Appendix C provides details on how the account was created. 
The data sources used are IEA fuel combustion data and UNFCCC. The creation of an emissions 
account was necessary as the number of countries included is larger than any existing dataset and in 
addition a wider variety of pollution origins has been included to increase accuracy. 
 
4. Results 
 
4.1 General overview 
 
Examining the data when we calculate ሺ ?ሻ using ሺ ?ܽሻ for total final consumption demand across all 
countries reveals some rather interesting findings. Over 85% of the total emissions are located on 
the main diagonal of sub-matrices of the CO2 emissions matrix ሺ ?ሻ, where ݎ ൌ ݏ. This means that 
85% of the total global emissions are generated by industries producing to meet their own final 
demand, or in supporting production to meet final demand in industries operating within the same 
country (although that final demand may in some cases be largely located outside the country). This 
is true for developed and developing countries alike. In major OECD economies of Germany, UK and 
USA the respective percentages are 79.4%, 85.9% and 92.4%, whereas in the developing economies 
of China (excluding Hong Kong which is reported as a separate country) and India the figures stand 
at 89.5% and 88.8% respectively. If the focus of study is the impact of economic activities within a 
single country, then IRIO is not necessary as SRIO can provide the necessary information and often 
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with an increased level of detail. The benefit of using an IRIO is that it allows the study of the off-
diagonal sub-matrices of the CO2 emissions matrix ሺ ?ሻ. It provides us with the opportunity to 
ŝĚĞŶƚŝĨǇ ‘ŚŽƚ-ƐƉŽƚƐ ?ůŽĐĂƚĞĚŽŶƚŚĞŝŶƚĞƌŶĂƚŝŽŶĂůƉĂƌƚŽĨĂŶǇƐĞĐƚŽƌ ?ƐĚŽǁŶƐƚƌĞĂŵĂŶĚƵƉƐƚƌĞĂŵ
supply chains, even if the overall impact of these may be small relative to own-country effects on 
the diagonal of ݎ ൌ ݏ sub-matrices in ሺ ?ሻ. It also allows us to capture any inter-regional feedback 
effects, where production sectors in region ݎ export to intermediate sectors in region ݏ with outputs 
of the latter then imported back to the production sectors in the first region.  
 
To demonstrate the ability to study the off-diagonal sub-matrices of ሺ ?ሻ, here we focus on the UK as 
a case study. To calculate the CO2 emissions matrix ሺ ?ሻ, the diagonal matrix of final demand ሺ ?ܿሻ 
was used for ݏ ൌUK. This means that ሺ ?ܿሻ shows the output of every sector in every country 
ƌĞƋƵŝƌĞĚďǇĂůůh<ĨŝŶĂůĐŽŶƐƵŵĞƌƐ ?ŝ ?Ğ ?ĂůůŝŶĚŝǀŝĚƵĂůƚǇƉĞƐǌA? ? ? Q ?ĂĐƌŽƐƐh<ŚŽƵƐĞŚŽůĚƐ ?
government, capital formation etc.; or all five groups listed in Section 3.4). Therefore, in this case ሺ ?ሻ 
shows the emissions generated globally but ultimately driven by UK total final demand. Data show 
that UK total domestic final demand was the driver of just over 1,167 Mt of CO2 in the accounting 
year of 2009, i.e. the sum of all elements in ሺ ?ሻ. This equates to a UK carbon footprint in terms of 
global industrial emissions (i.e. excluding direct emissions by UK consumers) of 1,167 Mt of CO2, 
which compares to UK industrial PAP emissions (i.e. the sum of the rows of ሺ ?ሻ for ݎ ൌUK, when 
calculated using ሺ ?ܽሻ) of 913.92 Mt of CO2. The following chart is a rough representation of the 
interpretation of different elements of ሺ ?ሻ ?ƵŶĚĞƌƚŚĞĂƐƐƵŵƉƚŝŽŶƚŚĂƚƚŚĞĨŽĐƵƐŝƐƐƚŝůůh< ?ƐƚŽƚal 
final demand (see Appendix A for list of countries where the UK  W abbreviated by OECD to GBR 
although representing whole of UK - appears around half way down the list so that we represent in a 
corresponding position in Chart 1). 
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Of the 1,167 Mt total amount of emissions in ሺ ?ሻ for UK final consumption, 714 Mt of CO2 or 61% 
was directly generated by UK production sectors, i.e. rows totals of ሺ ?ሻ where ݎ ൌUK, areas 1 and 2 
in Chart 1. This includes 1.89 Mt of CO2 emissions embodied in exported intermediate goods 
produced by UK sectors, which in terms of elements of ሺ ?ሻ, these are the elements located on the 
rows where ݎ ൌUK but ݏ ്UK, i.e. the areas labeled 2 on Chart 1. These are emissions generated in 
the UK to support the production of goods and services in sectors outside the UK that are imported 
by UK final consumers. Data show then that the majority of direct emissions by UK sectors, 712.15 
Mt of CO2, were generated to support the final demand of UK sectors, i.e. ݎ ൌ ݏ ൌUK in ሺ ?ሻ or area 
1 on Chart 1. 
 
Areas 3 and 1 in Chart 1 are where ݏ ൌUK and represent the footprint of UK sectors serving UK final 
demand. The footprint of UK sectors is 838.31 Mt of CO2. As shown above 79.3% of these emissions 
are generated by UK sectors, i.e. area 1 in Chart 1 where ݎ ൌ ݏ ൌUK. The remaining 20.7% of 
emissions (186.15 Mt of CO2) are generated by non-UK sectors to support the UK total final demand 
of UK sectors. These sectors are located in areas labelled 3 in Chart 1 and they are the elements of ሺ ?ሻ with ݎ ്UK and ݏ ൌUK. Finally the sectors in areas 4 of Chart 1 represent emissions by non-UK 
sectors that produce output to support the UK total final (direct import) demand for output from 
non-UK sectors, i.e. sectors with ݎǡ ݏ ്UK in ሺ ?ሻ. The total emissions of these sectors are 266.99 Mt 
of CO2, which is a 22.9% share of the total emissions driven globally by UK total final demand. 
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The first points of focus in this section are the sectors outside areas 1 and 2 in Chart 1  W i.e. non-UK 
ĞŵŝƐƐŝŽŶƐƌĞƋƵŝƌĞĚďǇh<ĨŝŶĂůĚĞŵĂŶĚ ?ǇĞǆĂŵŝŶŝŶŐƚŚĞƐƵŵŽƌĞĂĐŚƐĞĐƚŽƌ ?ƐƌŽǁǁĞŝĚĞŶƚŝĨǇƚŚĞ
dǇƉĞ ?Ă ) ‘ŚŽƚ-spoƚƐ ?ůŽĐĂƚĞĚŽƵƚƐŝĚĞƚŚĞh< ?ŶĂůǇƐŝƐŽĨƌĞƐƵůƚƐĨŽƌሺ ?ሻ ƐŚŽǁƐƚŚĂƚŚŝŶĂ ?Ɛ ‘ůĞĐƚƌŝĐŝƚǇ ?
'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? ?ŝ ?Ğ ?ǁŚĞƌĞݎ ൌChina and ݅ ൌ ?ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? )ŝƐƚŚĞůĂƌŐĞƐƚ
dǇƉĞ ?Ă ) ‘ŚŽƚ-ƐƉŽƚ ?ŽƵƚƐŝĚĞƚŚĞh<ŝŶƚĞƌŵƐŽĨĞŵŝƐƐŝŽŶƐĚƌŝǀĞŶďǇUK total final demand. Focusing 
ƚŚĞŶŽŶƚŚŝƐƐƉĞĐŝĨŝĐƐĞĐƚŽƌǁĞĂƌĞŵŽǀŝŶŐĨŽƌǁĂƌĚďǇŝŶǀĞƐƚŝŐĂƚŝŶŐdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶŚŝŶĂ ?Ɛ
 ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ?ŝŶƚĞƌŶĂƚŝŽŶĂůĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?ŝ ?Ğ ?ƚŚĞĞůĞŵĞŶƚƐŽĨሺ ?ሻ 
located where ݎ ൌChina, ݅ ൌ  ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ?ĂŶĚݏ ്China. The reason for this 
ĨŽĐƵƐŝƐƚŚĂƚĂŶĂŶĂůǇƐŝƐŽĨƚŚĞŚŝŶĞƐĞ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐ ŶĚtĂƚĞƌ^ƵƉƉůǇ ?ĚŽŵĞƐƚŝĐĚŽǁŶƐƚƌĞĂŵ
supply chain, i.e. where ݏ ൌChina, can also be conducted using a SRIO. 
 
Furthermore, analysing the elements of ሺ ?ሻ we can rank the different sectors in different locations 
in terms of the composition of the footprint of serving UK final consumption demand  W i.e. the sum 
ŽĨĞĂĐŚƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ - regardless whether they are located within the UK (ݏ ൌUK) or 
outside the UK (ݏ ്UK). Analysis of the results of ሺ ?ሻ ƐŚŽǁƐƚŚĂƚƚŚĞůĂƌŐĞƐƚdǇƉĞ ?ď ) ‘ŚŽƚ-ƐƉŽƚƐ ?
driven by UK total final demand are UK-based sectors. Amongst them, global emissions to support 
h<ĨŝŶĂůĚĞŵĂŶĚĨŽƌƚŚĞh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ŝƐƚŚĞƐĞĐŽŶĚůĂƌŐĞƐƚdǇƉĞ ?ď ) ‘ŚŽƚ-ƐƉŽƚ ?
ďĞŚŝŶĚh< ?Ɛ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? ?h< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ŝƐĂƌĂƚŚĞƌŝŶƚĞƌĞƐƚŝŶŐ
ĐĂƐĞƚŚŽƵŐŚ ?ĚƵĞƚŽƚŚĞŶƵŵďĞƌŽĨdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶŝƚƐŝŶƚĞƌŶĂƚŝŽŶĂůƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?
i.e. elements of ሺ ?ሻ where ݏ ൌUK and ݆ ൌ  ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ďƵƚݎ ് ܷܭ. Therefore, we focus 
ŽƵƌŝŶǀĞƐƚŝŐĂƚŝŽŶĨŽƌdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ŝŶƚĞƌŶĂƚŝŽŶĂůƵƉƐƚƌĞĂŵ
supply chain. 
 
As shown above, emissions generated by UK production sectors are the major contributors to UK 
ƐĞĐƚŽƌƐ ?ĨŽŽƚƉƌŝŶƚĚƌŝǀĞŶďǇh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ ?,ŽǁĞǀƌ ?ƚŚĞƌĞĂƌĞh<ƐĞĐƚŽƌƐǁŚĞƌĞĞĂĐŚ
monetary unit worth of final demand has a larger impact on the non-UK side of their upstream 
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ƐƵƉƉůǇĐŚĂŝŶ ?dŚĂƚŵĞĂŶƐƚŚĂƚƚŚĞƐƵŵŽĨƚŚĞĞůĞŵĞŶƚƐĚŽǁŶƚŚĞƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ and the 
underlying emissions multiplier matrix ሺ ?ሻ are larger on the non-UK rows rather than the rows of UK 
ƐĞĐƚŽƌƐ ?^ƵĐŚĞǆĂŵƉůĞƐĂƌĞh< ?Ɛ ‘DŽƚŽƌsĞŚicles, Trailers and Semi-ƚƌĂŝůĞƌƐ ?ĂŶĚ ‘KĨĨŝĐĞ ?ĐĐŽƵŶƚŝŶŐ
ĂŶĚŽŵƉƵƚŝŶŐDĂĐŚŝŶĞƌǇ ? ?
 
In general, it is important to note (particularly in terms of useful policy analysis tools that could be 
extracted from the IRIO framework) the total footprint of serving UK final consumption demand for 
each sector ݆ in each region ݏ ĐŽƵůĚĂůƐŽďĞĐĂůĐƵůĂƚĞĚďǇŵƵůƚŝƉůǇŝŶŐƚŚĂƚƐĞĐƚŽƌ ?ƐdǇƉĞ/ĞŵŝƐƐŝŽŶƐ
multiplier (column total from equation ሺ ?ሻ )ǁŝƚŚƚŚĞƐĞĐƚŽƌ ?ƐƚŽƚĂůh<ĨŝŶĂůĚĞŵĂŶĚ ?^Ƶď-totals for 
elements of the multiplier located in different countries could be used similarly. This builds on the 
familiar use of multiplier values to assess particular types of impact in particular areas whenever 
there is a change in economic activity. However, using the adopted methodology of this paper, post-
multiplying ሺ ?ܿሻ to ሺ ?ሻ, enables us to study and analyse the structure of the footprint in detail. In 
practice, what this approach essentially involves is multiplying the total final demand in question 
(with our focus here on the total of UK final demand across all five types identified in Section 3.4) for 
ĞĂĐŚƉƌŽĚƵĐƚŝŽŶƐĞĐƚŽƌŝŶĞĂĐŚƌĞŐŝŽŶǁŝƚŚĞǀĞƌǇĞůĞŵĞŶƚĚŽǁŶƚŚĞƐĞĐƚŽƌ ?ƐĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌ
column in ሺ ?ሻ. However, we do present examples of results, for example in Table 2 below, where 
users of the research output can conduct simpler multiplier calculations.  
 
 ? ? ?dǇƉĞ ?Ă ?ĂŶĚĚŽǁŶƐƚƌĞĂŵdǇƉĞ ?Đ ? ?ŚŽƚ-ƐƉŽƚƐ ?ŽƵƚƐŝĚĞƚŚĞh<ĚƌŝǀĞŶďǇh<ƚŽƚĂůĨŝŶĂů
demand  
 
As already discussed in the previous sub-section, the first focus point of this study is to locate Type 
 ?Ă ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽƵƚƐŝĚĞƚŚĞh< ?/ŶƚŽƚĂůƚŚĞŶŽŶ-UK sectors generate 455.04 Mt of CO2 (row totals of ሺ ?ሻ excluding ݎ ൌUK). dĂďůĞ ?ƐŚŽǁƐƚŚĞ ‘dŽƉ ? ? ?ƐĞĐƚŽƌƐŝŶƚĞƌŵƐŽĨĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐĂƐƐŽĐŝĂƚĞĚ
with UK total final demand that are located outside the UK.  
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/ŶdĂďůĞ ?ƚŚĞ ‘ŝƌĞĐƚŵŝƐƐŝŽŶƐ ?ĐŽůƵŵŶ ?ĨŝƌƐƚĐŽůƵŵŶŽĨƌĞƐƵůƚƐ )ƌĞĨĞƌƐƚŽƚŚĞƐƵŵŽĨƚŚĞĞůĞŵĞŶƚƐ
ĂůŽŶŐĞĂĐŚƐĞĐƚŽƌ ?ƐƌŽǁŝŶሺ ?ሻ, while the next column shows these emissions as a percentage share 
of the total emissions generated driven by UK total final demand. The third column indicates the 
ƐŚĂƌĞŽĨƚŚĞƐĞĐƚŽƌ ?ƐƚŽƚĂůĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐ ?ĨƵůůWW )ƚŚĂƚĂƌĞƚŚĞh<-driven entries in the first 
ĐŽůƵŵŶ ?dŚĞ ‘K ?/ŶƚĞŶƐŝƚǇ ?ĂŶĚ ‘h<dŽƚĂů&ŝŶĂůĞŵĂŶĚ ?ĐŽůƵŵŶƐƌĞĨĞƌƌĞƐƉĞĐƚŝǀĞůǇƚŽƚŚĞƐĞĐƚŽƌ ?Ɛ
elements on ܧ matrix ሺ ?ሻ - i.e. the direct CO2 intensity ݁௜௥ of each sector - and on final demand 
matrix ሺ ?ܿሻ respectively, i.e. the final demand from UK element for ݕ௝௥௦ of each sector. Please note 
that the CO2 intensity is in Mt/$m of output. The unit used might make the figures of that column 
seem rather small, however, they represent significant volumes of emissions that should not be 
neglected. The final column refers to the monetary value of the output of each sector that is 
ƵůƚŝŵĂƚĞůǇƐƵƉƉŽƌƚĞĚ ?ĚƌŝǀĞŶďǇh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ ?dŚŝƐ ƚŚĞƐƵŵŽĨĞĂĐŚƐĞĐƚŽƌ ?ƐƌŽǁŝŶሺ ?ሻ 
when calculated using ሺ ?ܿሻ. If we multiply this against the direct CO2 intensity of the sector, we have 
another means of generating the result in the first column (but one that is embedded in calculation 
of ሺ ?ሻ, that is considering the supported output multiplier effect rather than moving straight to the 
emissions multiplier). The difference between the figures of columns 5 and 6 in Table 2 indicates 
whether each sector mainly produces final goods for UK final consumers or intermediate goods to 
ƐƵƉƉŽƌƚŽƚŚĞƌƐĞĐƚŽƌƐ ?h<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ ? 
 
As reported in the discussion in the previous section (and also reported at the bottom of Table 2) the 
total direĐƚ ?WW )ĞŵŝƐƐŝŽŶƐŐĞŶĞƌĂƚĞĚŐůŽďĂůůǇĚƌŝǀĞŶďǇh< ?ƐƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚĂƌĞ ? ? ? ? ? ? ?DƚŽĨ
CO2. Of these emissions 453.2 Mt of CO2 are generated outside the UK, i.e. 38.8% of the total direct 
emissions driven by UK total final demand. The sectors listed in Table 2 account for 37% of the 
emissions driven by UK total final demand and generated outside the UK. The vast majority of the 
sectors listed on Table 2  W ŵŽƐƚŶŽƚĂďůǇ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ?ŝŶĚŝĨĨĞƌĞŶƚĐŽƵŶƚƌŝĞƐ- 
have minimal amounts of UK total final demand compared to their output associated with UK total 
final demand. This implies that the output of the ݅ ൌ  ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? ?ŚĞƌĞĂĨƚĞƌ
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EGWS) sectors in the countries shown on Table 2 is used as input by other sectors in these countries 
(assuming a low level of trade in EGWS itself, though gas exports may be important) that either 
export final goods to the UK, or produce outputs to intermediate demands entering supply chains 
that ultimately (but indirectly) serve UK final demand. That is, there may be many rounds of 
ŵƵůƚŝƉůŝĞƌĞĨĨĞĐƚƐŝŶǀŽůǀĞĚ ?dŚŝƐŝƐǁŚĂƚŽƵƌdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ĂůůŽǁƵƐƚŽĐŽŶƐŝĚĞƌ ?  
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 ĞĨŽƌĞǁĞƚƵƌŶŽƵƌĂƚƚĞŶƚŝŽŶƚŽĚŽǁŶƐƚƌĞĂŵdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ? ?ůĞƚƵƐĐŽŶƐŝĚĞƌƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨ
direct CO2 intensities. Of the ten sectors in Table 2 the ones that directly generate the most 
significant amount of CO2 ĞŵŝƐƐŝŽŶƐ ?ŝ ?Ğ ?ƐƵŵŽĨƐĞĐƚŽƌ ?ƐƌŽǁŝŶK2 emissions matrix ሺ ?ሻ, are the 
ŚŝŶĞƐĞ't^ ?ƚŚĞh^ ?Ɛ ‘dƌĂŶƐƉŽƌƚĂŶĚ^ƚŽƌĂŐĞ ? ?ƚŚĞŚŝŶ ƐĞ ‘ĂƐŝĐDĞƚĂůƐ ?ĂŶd the Russian EGWS. 
They have the most significant shares of the total direct emissions driven by UK total final demand 
ĂŶĚĐĂŶƚŚĞƌĞĨŽƌĞďĞĐŽŶƐŝĚĞƌĞĚĂƐdǇƉĞ ?Ă ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶƚŚĞŐůŽďĂůƐƵƉƉůǇĐŚĂŝŶƐĞƌǀŝŶŐh<
ĐŽŶƐƵŵƉƚŝŽŶ ?dŚĞůĂƌŐĞƐƚdǇƉĞ ?Ă ) ‘ŚŽƚ-spoƚ ?ŽĨdĂďůĞ ?ŝƐŚŝŶĂ ?Ɛ't^ƐĞĐƚŽƌ ?&ŝŐƵƌĞƐŝŶdĂďůĞ ?
show that the main driver of the emissions generated by the sector is the CO2 emissions intensity. 
ŚŝŶĂ ?Ɛ't^K2 emissions intensity is the 24th highest amongst all 2146 sectors (with 37 
industries in 58 regions/countries including ROW) included in the OECD ICIO framework used. Even 
ƚŚŽƵŐŚƚŚĞƐĞĐƚŽƌ ?ƐŽƵƚƉƵƚĂƐƐŽĐŝĂƚĞĚǁŝƚŚh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ ?ƚŚĞĨŝŐƵƌĞŽŶƚŚĞ ‘dŽƚĂůKƵƚƉƵƚĨŽƌ
h<&ŝŶĂůĞŵĂŶĚ ?ĐŽůƵŵŶŽŶdĂďůĞ ? )ŝƐƌĂŶŬĞĚŽŶůǇ ? ? ?th amongst all 2146 sectors included in the 
ĨƌĂŵĞǁŽƌŬ ?Ɛƚŝůů ?ĚƵĞƚŽƚŚĞƌĞůĂƚŝǀĞůǇŚŝŐŚĞŵŝƐƐŝŽŶƐŝŶƚĞŶƐŝƚǇ ?ƚŚĞĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐŽĨŚŝŶĂ ?Ɛ't^
driven by UK total final demand are the largest outside the UK. In fact, the Chinese EGWS sector is 
ranked 4th in direct emissions driven by UK total final demand amongst all 2146 sectors. However, 
the results reported in Table 2 suggest that it is rather common for EGWS sectors to be relatively 
CO2 intensive. In fact, the only exception is the German EGWS sector, which in 2009 had a mixture of 
production technologies that allowed for a rather low CO2 emissions intensity, lower than the other 
relevant sectors of Table 2. The reason why Chinese EGWS tops Table 2 is that at the same time it 
has the second largest direct emissions intensity and the largest output associated with UK total final 
demand amongst all the EGWS sector of Table 2. 
 
Focusing on the top direct emitter of Table 2, Chinese EGWS, the significant difference between the 
ƐĞĐƚŽƌ ?Ɛh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚĂŶĚƚŚĞŽƵtput produced due to UK total final demand indicates that 
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ƚŚĞŵĂũŽƌŝƚǇŽĨƚŚĞƐĞĐƚŽƌ ?ƐĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐŝƐĚŝƐƚƌŝďƵƚĞĚĂůŽŶŐƚŚĞƐĞĐƚŽƌ ?ƐĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇ
ĐŚĂŝŶ ?YƵŝƚĞƉŽƐƐŝďůǇƚŚĞŶ ?ƚŚĞƌĞĐŽƵůĚďĞŝŵƉŽƌƚĂŶƚdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶŚŝŶĂ ?Ɛ't^
downstream supply chain. Here, for an element of the CO2 emissions matrix ሺ ?ሻ to be considered as 
ĂdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚ ? ?ǁŚĞŶh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚŝƐƵƐĞĚ ?ǁĞƚĂŬĞĂƐŝŵƉůĞƚŚƌĞƐŚŽůĚůĞǀĞůĂƐƚŚĞ
average of row maximums, which works out at 0.29 Mt of CO2. Table 3 sŚŽǁƐƚŚĞdǇƉĞ ?Đ ) ‘ŚŽƚ-
ƐƉŽƚƐ ?ŽŶŚŝŶĂ ?Ɛ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ?ĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶƚŽƐƵƉƉŽƌƚh<ĨŝŶĂů
consumption that are located outside the Chinese borders, i.e. ݎ ൌChina, ݅ ൌ  ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚ
tĂƚĞƌ^ƵƉƉůǇ ?ĂŶĚݏ ്ŚŝŶĂ ?dŚĞƐĞ ‘Śot-ƐƉŽƚƐ ?ĂƌĞĞůĞŵĞŶƚƐŽĨሺ ?ሻ that were summed to calculate 
ƚŚĞŚŝŶĂ ?Ɛ't^ĚŝƌĞĐƚĞŵŝƐƐŝŽŶƐƉƌĞƐĞŶƚĞĚŝŶdĂďůĞ ? ?ƉĂƌƚĨƌŽŵĞǆĐůƵĚŝŶŐƚŚĞ ‘ŚŽƚ-ƐƉŽƚƐ ?ůŽĐĂƚĞĚ
in the domestic downstream supply chain of the Chinese EGWS, there are no other restrictions as to 
ǁŚĞƌĞƚŚĞ ‘ŚŽƚ-ƐƉŽƚƐ ?ŵŝŐŚƚďĞůŽĐĂƚĞĚ ?dŚĞƌĞĨŽƌĞ ?ƚŚĞdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ƉƌĞƐĞŶƚĞĚŝŶdĂďůĞ ?ĂƌĞ
ŝŶĨĂĐƚƚŚĞŽŶůǇŽŶĞƐŝŶƚŚĞŝŶƚĞƌŶĂƚŝŽŶĂůƉĂƌƚŽĨŚŝŶĂ ?Ɛ't^ĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ? 
 
 
 
The first results column in Table 3 shows the element of the respective sector on the row of Chinese 
EGWS in ሺ ?ሻ, which corresponds to a specific point in Chinese EGWS downstream supply chain, 
while the second column shows these elements as a percentage share of the total direct emissions 
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ŽĨŚŝŶĂ ?Ɛ ‘ůĞĐƚƌŝĐŝƚǇ ? 'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? ?dŚĞƚŚŝƌĚĐŽůƵŵŶŝƐƚŚĞĞůĞŵĞŶƚŽĨĞĂĐŚƐĞĐƚŽƌůŝƐƚĞĚ
in Table 3 on the row of Chinese EGWS in ሺ ?ሻ whereas the fourth column shows the ݕ௝௥௦ in final 
demand matrix ሺ ?ܿሻ for each of the sectors listed in Table 3, i.e. the UK final demand for each of the 
sectors in Table 3. 
 
/ŶƚĞƌĞƐƚŝŶŐůǇĞŶŽƵŐŚ ?ĂůůƚŚĞdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽŶƚŚĞŚŝŶĞƐĞ't^ƐĞĐƚŽƌƌŽǁŽĨሺ ?ሻ that are 
associated with UK total final demand and located outside China, are found within the UK. In total, 
they have just over a 22% share of the total Chinese EGWS emissions that are attributable to UK final 
ĐŽŶƐƵŵƉƚŝŽŶ ?/ƚĐĂŶďĞƐĞĞŶƚŚĂƚƚŚĞƚŽƉ ?dǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉ Ɛ ?ŽĨdĂďůĞ ?ŚĂǀĞĂŵŽƌĞƐŝŐŶŝĨŝĐĂŶƚ
share (14.16%) of Chinese EGWS direct emissions, compared to the otŚĞƌdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŽĨ
Table 3. Examining the figures of Table 3 reveals that the emissions embodied in the top 4 Type (c) 
 ‘ŚŽƚ-ƐƉŽƚƐ ?ĂƌĞĚƌŝǀĞŶďǇƚŚĞǀŽůƵŵĞŽĨĐŽŶƐƵŵŝŶŐƐĞĐƚŽƌ ?ƐƚŽƚĂůh<ĨŝŶĂůĚĞŵĂŶĚƌĂƚŚĞƌƚŚĂŶƚŚĞŝƌ
emissions multipliers, which are well below the emissions multipliers of other sectors in Table 3. This 
is not surprising given that UK total final demand is mainly served by UK sectors (i.e. 87.8% of UK 
total final demand is expenditure in UK sectors). In fact, the top 4 sectors of TĂďůĞ ? ?h< ?Ɛ ‘,ĞĂůƚŚ
ĂŶĚ^ŽĐŝĂůtŽƌŬ ? ? ‘ŽŶƐƚƌƵĐƚŝŽŶ ? ? ‘WƵďůŝĐĚŵŝŶĂŶĚĞĨĞŶĐĞ ?ŽŵƉƵůƐŽƌǇ^ŽĐŝĂů^ĞĐƵƌŝƚǇ ?ĂŶĚ
 ‘tŚŽůĞƐĂůĞĂŶĚZĞƚĂŝůdƌĂĚĞ ?ZĞƉĂŝƌƐ ? ?ĂƌĞĂůƐŽǁŝƚŚŝŶƚŚĞƚŽƉ ?ƐĞĐƚŽƌƐŝŶƚĞƌŵƐŽĨƚŽƚĂůh<ĨŝŶĂů
ĚĞŵĂŶĚ ?ƚŚĞŽƚŚĞƌŽŶĞďĞŝŶŐh< ?Ɛ ‘ZĞĂůƐƚĂƚĞĐƚŝǀŝƚŝĞƐ ? ? 
 
 ? ? ? ? ?dǇƉĞ ?ď ?ĂŶĚƵƉƐƚƌĞĂŵdǇƉĞ ?Đ ? ?ŚŽƚ-ƐƉŽƚƐ ?ĚƌŝǀĞŶďǇh<ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ 
 
As seen in a previous sub-section, UK total final demand is primarily met by the output of UK sectors. 
This being the case, one could argue that when looking for the sectors with the largest CO2 footprint 
driven by UK total final demand, the majority of them will also be UK-based. Table 4 shows the top 
 ? ?ƐĞĐƚŽƌƐŝŶƚĞƌŵƐŽĨĨŽŽƚƉƌŝŶƚ ?ŝ ?Ğ ?ƐƵŵŽĨĞĂĐŚƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ, driven by UK total final 
demand. 
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/ŶdĂďůĞ ?ƚŚĞĨŝƌƐƚĐŽůƵŵŶŝƐƚŚĞƐƵŵŽĨƚŚĞĞůĞŵĞŶƚƐĚŽǁŶĞĂĐŚƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ. The second 
ĐŽůƵŵŶŝƐƚŚĞƐŚĂƌĞŽĨĞĂĐŚƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚŽĨƚŚĞƚŽƚĂůŐůŽďĂůĞŵŝƐƐŝŽŶƐĚƌŝǀĞŶďǇh<ƚŽƚĂůĨŝŶĂů
demand. The third column shows the footprint of each sector driven by UK total final demand as a 
ƉĞƌĐĞŶƚĂŐĞƐŚĂƌĞŽĨƚŚĞƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚĚriven by global total final demand. Column 4 is the sum 
ŽĨƚŚĞĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌĞůĞŵĞŶƚƐĚŽǁŶĞĂĐŚƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ and finally column 5 shows 
the ݕ௝௥௦ in ሺ ?ܿሻ ĨŽƌĞĂĐŚŽĨƚŚĞůŝƐƚĞĚƐĞĐƚŽƌƐ ?ŝ ?Ğ ?ĞĂĐŚƐĞĐƚŽƌ ?Ɛh<ĨŝŶĂů ĚĞŵĂŶĚ ? 
 
As expected, the top 10 sectors with the largest footprint driven by UK total final demand are all UK 
based. The non-UK sector with the largest footprint driven by UK total final demand is the Chinese 
 ‘dĞǆƚŝůĞ ?dĞǆƚŝůĞWƌŽĚƵĐƚƐ ?>ĞĂƚŚĞƌĂŶĚ&ŽŽƚǁĞĂƌ ? ?ǁŚŝĐŚŝƐƌĂŶŬĞĚ12th amongst all the sectors in 
terms of footprint driven by UK total final demand and thus not included in Table 4. Examining the 
sectors of Table 4 there is a common trend across the majority of them. The footprint of these 
sectors, driven by UK total fiŶĂůĚĞŵĂŶĚ ?ŚĂƐŽǀĞƌĂ ? ?A?ƐŚĂƌĞŽĨƚŚĞƐĞĐƚŽƌƐ ?ĨŽŽƚƉƌŝŶƚĚƌŝǀĞŶďǇ
global total final demand (i.e. the column total of ሺ ?ሻ calculated using ሺ ?ܿሻ as a share of that 
calculated using ሺ ?ܽሻ). Given that the Type I emissions multiplier is constant regardless of the 
location of the final consumer, these figures show that the final demand requirement of the sectors 
in Table 4 largely originates within the UK itself.  
 
KĨĂůůƚŚĞƐĞĐƚŽƌƐůŝƐƚĞĚŝŶdĂďůĞ ? ?h< ?Ɛ ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ?ŚĂƐďǇĨĂƌƚŚĞ largest 
footprint in serving UK final consumption (and generally if we use ሺ ?ܽሻ to calculate ሺ ?ሻ). This is 
ŵĂŝŶůǇĚƌŝǀĞŶďǇƚŚĞƐĞĐƚŽƌ ?ƐdǇƉĞ/ĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌ ?ŝ ?Ğ ?ƚŚĞƐƵŵŽĨƚŚĞƐĞĐƚŽƌ ?ƐĐŽůƵŵŶŝŶሺ ?ሻ) 
which is the largest amongst the sectors of Table 4. On the other hand, it can be seen that there are 
h<ƐĞĐƚŽƌƐůŝŬĞ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ĂŶĚ ‘tŚŽůĞƐĂůĞĂŶĚZĞƚĂŝůdƌĂĚĞ ?ZĞƉĂŝƌƐ ?ǁŚĞƌĞƚŚĞ
magnitude of the footprint is driven by the volume of their total UK final demand rather than the 
(direct plus indirect) CO2 intensity given by the emissions multiplier. More generally, for the majority 
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of the sectors on Table 4 the main driving factor is indeed the value of their total UK final demand 
rather than their Type I emissions multiplier. The policy implications of this information are that for 
the majority of the sectors in Table 4 it would be preferable to explore environmental policies that 
are associated with consumer behaviour instead of trying to de-carbonise their upstream supply 
chains. For example, educating the general population in making more efficient use of the services 
ŽĨƚŚĞ ‘tŚŽůĞƐĂůĞĂŶĚZĞƚĂŝůdƌĂĚĞ ?ZĞƉĂŝƌƐ ?ƐĞĐƚŽƌĐŽƵůĚůĞĂĚŝŶƌĞĚƵĐƚŝŽŶŽĨƚŚĞƐĞĐƚŽƌ ?ƐĨŝŶĂů
demand. The emissions related consequence of this reduction would be reduced embodied 
ĞŵŝƐƐŝŽŶƐŝŶƚŚĞƐĞĐƚŽƌ ?ƐƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?However ?ƚŚĞĨŝŶĚŝŶŐƐŽĨƚŚŝƐ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐĚŽ
not provide an overview of all the potential impacts that would come as a result of policies 
introduced in the sectors of Table 4 (or any other sectors). Further analysis would be necessary to 
pick those sectors that any decrease in final demand, in order reduce their footprint, would have the 
least impact possible in value-added lost and increased unemployment. 
 
Just as we considered Type (c) ĚŽǁŶƐƚƌĞĂŵ ‘ŚŽƚ-ƐƉŽƚƐ ?ůŝŶŬĞĚƚŽdǇƉĞ ?Ă )WW ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶƚŚĞ
previous section, it is worth investigating the upstream supply chains of the top sectors of Table 4 to 
ƐĞĞǁŚĞƚŚĞƌƚŚĞƌĞĂƌĞĂŶǇŝŶƚĞƌĞƐƚŝŶŐĂŶĚ ?ŽƌŝŵƉŽƌƚĂŶƚdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ? ?dŚŝƐŝŶǀŽlves 
considering column entries of ሺ ?ሻ and ሺ ?ሻ for the sectors identified in Table 4. First, for the UK 
't^ƐĞĐƚŽƌƚŚĞŵĂũŽƌĐŽŶƚƌŝďƵƚŽƌƚŽƚŚĞƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚŝƐŝƚƐŽǁŶ-sector emissions to meet its 
own total UK final demand, which embodies 219 Mt of CO2, i.e. almost all of the emissions of the 
dǇƉĞ ?ď ) ‘ŚŽƚ-ƐƉŽƚ ? ?,ŽǁĞǀĞƌ ?ŝƚŝƐǁŽƌƚŚŶŽƚŝŶŐƚŚĞůĞǀĞůŽĨĂŐŐƌĞŐĂƚŝŽŶ ŶǀŽůǀĞĚŝŶƚŚĞK't^
sector. Water supply tends to be electricity intensive while electricity production can be gas-
intensive. Therefore, there are likely to be important inter-sectoral effects hidden in the own-sector 
(݅ ൌ ݆,ݎ ൌ ݏ) EGWS results throughout our results for both the multiplier effects in ሺ ?ሻ and total 
supported emissions in ሺ ?ሻ. This is an issue that has been identified by numerous studies (e.g. Ara, 
1959; Miller and Blair, 1981; de Mesnard and Dietzenbacher, 1995; Hawdon and Pearson, 1995; Lahr 
and Stevens, 2002) but is outside the scope of this paper to study the potential errors generated due 
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to the over-aggregation of sectors in IRIO tables. In general, though, a single region analysis based 
on more sectorally disaggregated published regional or national accounts would tend to separately 
identify what tend to be relatively energy- and emissions-intensive utilities sectors. 
 
KŶƚŚĞŽƚŚĞƌŚĂŶĚ ?ƚŚĞƐĞĐŽŶĚůĂƌŐĞƐƚƐĞĐƚŽƌŽĨdĂďůĞ ? ?h< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ? ?ŚĂƐĂŵŽƌĞ
ŝŶƚĞƌĞƐƚŝŶŐƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶĂƐŝƚŝŶĐůƵĚĞƐƐĞǀĞƌĂůdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ůŽĐĂƚĞĚŽƵƚƐŝĚĞƚŚĞh<
territory. Table 5 shows the TǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ƚŚĂƚĂƌĞĚƌŝǀĞŶďǇ
UK total final demand and located outside the UK. These are elements ofሺ ?ሻ with ݏ ൌUK, ݆ ൌ 
 ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ĂŶĚݎ ്UK. As a reminder, our illustrative threshold level for a Type (c) 
 ‘ŚŽƚ-ƐƉŽƚ ?ŝƐ ? ? ? ?DƚŽĨK2 and all the entries in Table 5 are above this level. 
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The first column of Table 5 includes the element of each sector in Table 5 on the CO2 emissions 
matrix ሺ ?ሻ - i.e. column entries for ݆ ൌ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?Ănd ݏ ൌUK when ሺ ?ሻ is calculated 
using ሺ ?ܿሻ - ǁŚŝůĞĐŽůƵŵŶ ?ƉƌĞƐĞŶƚƐƚŚĞŵĂƐĂƉĞƌĐĞŶƚĂŐĞƐŚĂƌĞŽĨh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?
ĨŽŽƚƉƌŝŶƚŝŶƐĞƌǀŝŶŐh<ĨŝŶĂůĐŽŶƐƵŵƉƚŝŽŶĚĞŵĂŶĚ ?ŽůƵŵŶ ?ŝŶĐůƵĚĞƐĞĂĐŚƐĞĐƚŽƌ ?ƐĞůĞŵĞŶƚŽŶƚŚĞ
Leontief inverse ሺ ?ܾሻ while column 4 shows the ݁௜௥ of ܧ matrix ሺ ?ሻ for each of the producing sectors 
in Table 5. The elements of ሺ ?ܾሻ and ሺ ?ሻ are presented separately and not as elements of ሺ ?ሻ.  The 
benefit of using this approach is that we can distinguish whether the receiving sector, in this case 
h< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ? ?ƌĞƋƵŝƌĞƐůĂƌŐĞǀŽůƵŵĞŽĨŽƵƚƉƵƚĨƌŽŵĂŶǇŽŶĞƉƌŽĚƵĐŝŶŐƐĞĐƚŽƌŽƌ
ǁŚĞƚŚĞƌŝƚŝƐƚŚĞƉƌŽĚƵĐŝŶŐƐĞĐƚŽƌ ?ƐĞŵŝƐƐŝŽŶƐŝŶƚĞŶƐŝƚǇƚŚĂƚĚƌŝǀĞƐƚŚĞĞŵŝƐƐŝŽŶƐŽĨƚŚĂƚdǇƉĞ ?Đ )
 ‘ŚŽƚ-ƐƉŽƚ ? ?WůĞĂƐĞŶŽƚĞƚŚĂƚdĂďůĞ ?ƉƌĞƐĞŶƚƐƚŚĞdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ŝŶĂĚŝĨĨĞƌĞŶƚǁĂǇĐŽŵƉĂƌĞĚƚŽ
Table 3. The reason is to demonstrate the different analysis options when using an IRIO. 
 
ƐĐĂŶďĞƐĞĞŶĨƌŽŵdĂďůĞ ? ?ĂƌĂƚŚĞƌůĂƌŐĞŶƵŵďĞƌŽĨdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ĐĂŶďĞĨŽƵŶĚŽŶh< ?Ɛ
 ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?ƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶƚŚĂƚĂƌĞůŽĐĂƚĞĚŽƵƚƐŝĚĞƚŚĞh<ĂŶĚĚƌŝǀĞŶďǇh<
ƚŽƚĂůĨŝŶĂůĚĞŵĂŶĚ ?dŚĞŝƌƚŽƚĂůĐŽŶƚƌŝďƵƚŝŽŶƚŽƚŚĞƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚŝƐũƵƐƚŽǀĞƌ ? ?A?5. Analysing the 
h< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?dǇƉĞ/ĞŵŝƐƐŝŽŶƐŵƵůƚŝƉůŝĞƌŝƚĐan be seen that each monetary unit of 
final demand has a more significant impact within the UK. 61% of the emissions embodied in the 
ƐĞĐƚŽƌ ?ƐĨŽŽƚƉƌŝŶƚĂƌĞŐĞŶĞƌĂƚĞĚďǇh<ďĂƐĞĚŝŶĚƵƐƚƌŝĞƐĂŶĚ ? ?A?ĂďƌŽĂĚ ?dŚĞƌĞƐƵůƚƐŝŶdĂďůĞ ?
encompass most of this 39%. 
 
dŚĞƌĞƐƵůƚƐŝŶdĂďůĞ ?ŝŵƉůǇƚŚĂƚƚŚĞh< ?Ɛ,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬŚĂƐƐŽŵĞƌĂƚŚĞƌƐƉĞĐŝĨŝĐƵƉƐƚƌĞĂŵ
international supply chain requirements, which will involve both direct imports and multiplier 
                                                          
5
 For most of UK sectors the majority of emissions generated to support their final demand are located within the UK. However, there are 
ƚŚƌĞĞƐĞĐƚŽƌƐ ? ‘DŽƚŽƌsĞŚŝĐůĞƐ ?dƌĂŝůĞƌƐĂŶĚ^Ğŵŝ-ƚƌĂŝůĞƌƐ ? ? ‘KĨĨŝĐĞ ?ĐĐŽƵŶƚŝŶŐĂŶĚŽŵƉƵƚŝŶŐDĂĐŚŝŶĞƌǇ ?ĂŶĚ ‘DĂĐŚŝŶĞƌǇĂŶĚƋƵŝƉŵĞŶƚ
Ŷ ?Ğ ?Đ ? ?ƚŚĂƚƚŚĞŵĂŝŶďŽĚǇŽĨƚŚĞĞŵŝƐƐŝŽŶƐŐĞŶĞƌĂƚĞĚƚŽƐƵƉƉŽƌƚƚŚĞŝƌĨŝŶĂůĚĞŵĂŶĚŝƐůŽĐĂƚĞĚŽƵƚƐŝĚĞƚŚĞh< ? For each of the 
aforementioned UK sectors the contribution to the Type I emissions multiplier from abroad is 60%, 57% and 53%. Still due to the relatively 
small volume of total UK final demand their footprint is rather small compared to other sectors and thus not featured in Table 5. However, 
ĂƐƐƵŵŝŶŐƚŚĂƚĞǀĞƌǇƚŚŝŶŐĞůƐĞƌĞŵĂŝŶƐĐŽŶƐƚĂŶƚ ?ĂŶŝŶĐƌĞĂƐĞŝŶƚŚĞƚŽƚĂůh<ĨŝŶĂůĚĞŵĂŶĚŽĨh< ?ƐƐĞĐƚŽƌƐ ? ? ? ? ?ĂŶĚ ? ?ǁŽƵld lead to a 
significant increase in the size of their footprint, the majority share of which would be outside UK borders. 
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impacts of other intermediate input (domestic and imported) requirements. Although located in 
several different trading partners of the UK, the CO2-emitting outputs required come from 
 ‘ŚĞŵŝĐĂůƐĂŶĚŚĞŵŝĐĂůWƌŽĚƵĐƚƐ ? ? ‘ŽŬĞ ?ZĞĨŝŶĞĚWĞƚƌŽůĞƵŵWƌŽĚƵĐƚƐĂŶĚEƵĐůĞĂƌ&ƵĞů ? ?
 ‘ůĞĐƚƌŝĐŝƚǇ ?'ĂƐĂŶĚtĂƚĞƌ^ƵƉƉůǇ ? ? ‘dƌĂŶƐƉŽƌƚĂŶĚ^ƚŽƌĂŐĞ ? ŶĚ ‘ĂƐŝĐDĞƚĂůƐ ?ƐĞĐƚŽƌƐŝŶǀĂƌŝŽƵƐ
ĐŽƵŶƚƌŝĞƐĂƌŽƵŶĚƚŚĞǁŽƌůĚ ?dŚĞĂƉƉĞĂƌĂŶĐĞŽĨƚŚĞƐĞƐĞĐƚŽƌƐŝŶŽƵƌ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐŵĂǇďĞ
expected given that their activities include the production of pharmaceuticals, diesel, gas and 
precious meƚĂůƐĂƐǁĞůůĂƐƚŚĞŝƌƚƌĂŶƐƉŽƌƚĂƚŝŽŶ ?dŚĞƐĞĂƌĞĂůůƉƌŽĚƵĐƚƐƚŚĂƚĂƌĞŶĞĐĞƐƐĂƌǇĨŽƌ ‘,ĞĂůƚŚ
ĂŶĚ^ŽĐŝĂůtŽƌŬ ?ĂĐƚŝǀŝƚǇ ?,ŽǁĞǀĞƌ ?ƚŚĞǇŵĂǇŶŽƚďĞƚŚĞŽďǀŝŽƵƐĨŽĐƵƐŽĨĂƚƚĞŶƚŝŽŶŝŶĐŽŶƐŝĚĞƌŝŶŐ
how to address the carbon footprint of this type of sector.  
 
dĂďůĞ ?ƐƵŐŐĞƐƚƐƚŚĂƚ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ? ?ŚĞƌĞĂĨƚĞƌ,^t )ŵĂŝŶůǇĚĞƉĞŶĚƐ ?ĚŝƌĞĐƚůǇŽƌ
ŝŶĚŝƌĞĐƚůǇ )ŽŶƉƌŽĚƵĐƚŝŽŶŽĨŽƵƚƉƵƚŝŶƚŚĞŐůŽďĂů ‘ŚĞŵŝĐĂůƐĂŶĚŚĞŵŝĐĂůWƌŽĚƵĐƚƐ ?ŝŶĚƵƐƚƌŝĞƐ
(hereafter CCP). HSW sectors of the different countries in the OECD database tend to have highest 
output multiplier values located in CPP sectors  W i.e. elements for ݅ ൌCCP and ݆ ൌHSW in the 
interregional Leontief inverse in equation ሺ ?ሻ. At the same time the direct CO2 emissions intensity of 
CCP does not vary greatly from country to country. Therefore, the differences in the embodied 
ĞŵŝƐƐŝŽŶƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚWƉƌŽĚƵĐƚŝŽŶŝŶƚŚĞƌĞƐƉĞĐƚŝǀĞdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ĂƌĞůĂƌŐĞůǇ
associated with the output multiplier relationship with UK HSW. One exception is the requirements 
from German CCP. As can be seen in the third column of Table 5 the output multiplier of German 
CCP is larger than the output multiplier of the CCP sector in the USA. This implies that UK HSW 
requires larger volumes of German CCP output to support its domestic final demand. However, the 
USA CCP CO2 intensity is twice as large as the one of the German CCP (data in column 4 of Table 5). 
ƐĂƌĞƐƵůƚ ?ƚŚĞdǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚ ?ǁŚĞƌĞƚŚĞƉƌŽĚƵĐŝŶŐƐĞĐƚŽƌŝƐh^P has more embodied 
emissions than the one where the producing sector is German CCP. 
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On the other hand, there can be seen significant variations in underlying determinants that are not 
limited to the output multiplier effect when it comes to EGWS  ‘hot-spots ? in the UK HSW supply 
ĐŚĂŝŶ ?&ŽƌŝŶƐƚĂŶĐĞ ?ƚŚĞƚŚŝƌĚĐŽůƵŵŶŽĨƌĞƐƵůƚƐŝŶdĂďůĞ ?ƐŚŽǁƐƚŚĂƚƚŚĞŚŝŶĞƐĞ't^ ‘ŚŽƚ-ƐƉŽƚ ?
(the largest in the table) is driven largely by this sector being more (directly) emissions intensive than 
any other sector in Table 5, rather than the level of output requirements. This is further illustrated 
by the fact that even though the UK HSW sector has somewhat similar output requirements for 
EGWS from China and The Netherlands (0.00066 $m per unit of output to meet final demand 
relative to 0.00056 in the third column), still the difference in direct emissions intensity (0.0143 Mt 
ƉĞƌ ? ?ŵŽƵƚƉƵƚƌĞůĂƚŝǀĞƚŽ ? ? ? ? ? ? )ƉƵƚƐƚŚĞŚŝŶĞƐĞdǇƉĞ ?Đ )'t^ ‘ŚŽƚ-ƐƉŽƚ ?ĂƚƚŚĞƚŽƉŽĨdĂďůĞ ?
whereas the Dutch one is second to last. 
 
From a policy perspective, the knowledge of the structure of embodied emissions of any given 
sector could provide policy makers with important information to inform additional options for 
targeted policies in reducing the carbon footprint of that sector. However, in the case of the Type (c) 
 ‘ŚŽƚ-ƐƉŽƚƐ ?ŽĨdĂďůĞ ?ƚŚĞƌĞĐŽƵůĚďĞũƵƌŝƐĚŝĐƚŝŽŶŝƐƐƵĞƐĚƵĞƚŽƚŚĞĨĂĐƚƚŚĂƚŝŶĚƵƐƚƌŝĞƐŽĨĚŝĨĨĞƌĞŶƚ
ĐŽƵŶƚƌŝĞƐĂƌĞŝŶǀŽůǀĞĚ ?^ƚŝůůƚŚĞŬŶŽǁůĞĚŐĞĂĐƋƵŝƌĞĚĨƌŽŵ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐŽŶĂŶ/Z/KůĞǀĞůĐĂŶďĞ
used on a commercial levĞů ?&ŽƌĞǆĂŵƉůĞ ?ĨŝƌŵƐƚŚĂƚŽƉĞƌĂƚĞǁŝƚŚŝŶh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?
could apply commercial pressure to their suppliers abroad, in an effort to reduce their CO2 footprint. 
dŚŝƐŝŶĨŽƌŵĂƚŝŽŶŵĂǇĂůƐŽďĞŽĨƵƐĞƚŽƉƌŽĐƵƌĞŵĞŶƚŵĂŶĂŐĞƌƐŝŶƉƵďůŝĐƌƵŶ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂůtŽƌŬ ?
activities. It is quite often the case that purchase decisions will focus on the economic side of the 
purchases, looking for those imports that meet the needs and requirements at the minimum cost. 
However, where there is a real need and commitment to reduce the carbon footprint of public 
sector activities (which generally focusses on more direct sources of emissions, such as energy 
efficiency of buildings) having access to the type of information reported in Table 5 could help add 
the element of environmental impact in the decision process. 
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5. Conclusion and extension 
 
The use of an IRIO enables a more accurate calculation of the emissions attributed to each sector 
especially under a Consumption Accounting Principle (CAP). In a SRIO, if we were to estimate the 
emissions embodied in the imports of any sector, it was necessary to make some generalising 
assumption, such as that all the trade partners of the country under examination were using the 
same production technology at the same point in time. As more countries are included in the IO 
framework, we obtain more detailed data on the environmental impact of the sectors within these 
countries. Therefore, the number of countries for which we need to assume that they share 
production technologies is gradually reduced and the results we obtain better reflect the embodied 
ĞŵŝƐƐŝŽŶƐŝŶĂŶǇƐĞĐƚŽƌ ?ƐƵƉƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶ ?&ƵƌƚŚĞƌŵŽƌĞ ?ŝŶ/Z/KŝŵƉŽƌƚƐĂŶĚĞǆƉŽƌƚƐŽĨ
intermediate goods are endogenous, rather than exogenous inputs and exported final demand, and 
as a result the multiplier effects can be calculated more accurately. 
 
Applying ƚŚĞ ‘ŚŽƚ-ƐƉŽƚ ?ŵĞƚŚŽĚŽůŽŐǇƚŽĂŐůŽďĂů/Z/KĨƌĂŵĞǁŽƌŬĞŶĂďůĞƐƚŚĞŝĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨ ‘ŚŽƚ-
ƐƉŽƚƐ ?ďĞǇŽŶĚƚŚĞďŽƌĚĞƌƐŽĨĂƐŝŶŐůĞĐŽƵŶƚƌǇ ?/ƚŝƐƉŽƐƐŝďůĞƚŽŚŝŐŚůŝŐŚƚĐomponents of the 
international side of the downstream and upstream supply chain of any sector and study the impact 
that final demand of any sector has outside the borders of the country where the sector (and/or 
final consumption demand for output) is based ?,ŽǁĞǀĞƌ ?ƚŚĞĨŝŶĚŝŶŐƐŽĨ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐŽŶĂŶ
IRIO need to be reviewed with some degree of attention. Any kind of IO analysis is heavily 
dependent on the quality of the data used. This is even more important in IRIO, where the data 
come from various different sources, with different collection procedures and techniques, a point 
that was raised by the UK Department of Energy and Climate Change (DECC) (as reflected in the 
report by the House of Commons Energy and Climate Change Committee, 2012a). As such it is 
impossible to be absolutely sure that the quality of the data used to compile the IRIO tables is the 
same across the board.  
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For the purposes of this paper ƚŚĞK “/ŶƚĞƌ-ŽƵŶƚƌǇ/ŶƉƵƚKƵƚƉƵƚ ?ĚĂƚĂďĂƐĞ ?K ? ? ? ? ? )ǁĂƐ
used. The creators of the database in OECD had to reconcile and balance the data from all the 
different sources in order to create a credible dataset. However, it is rather common in large IRIO 
ĚĂƚĂƐĞƚƐůŝŬĞt/KĂŶĚƚŚĞK “/ŶƚĞƌ-ŽƵŶƚƌǇ/ŶƉƵƚKƵƚƉƵƚ ?ĚĂƚĂďĂƐĞƚŚĂƚƚŚĞŝŶĚƵƐƚƌŝĂl sectors 
are highly aggregated in order to achieve a uniform classification across all regions. Over-
aggregation can lead to analytical errors while at the same time masks the true nature of the Type 
 ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ?ǁŚĞŶƚŚĞƐĞŝŶǀŽůǀĞƚŚĞƉƌŽĚƵĐƚŝŽŶŽĨĂhighly aggregated sector. For example, as it 
has been mentioned for EGWS throughout this paper so far, it is impossible to judge which one(s) 
out the sectors that are aggregated into EGWS contributes the main share of embodied emissions in 
any of the EGWS dǇƉĞ ?Đ ) ‘ŚŽƚ-ƐƉŽƚƐ ? in Table 5 (section 3.4.3) ?ƵĞƚŽƚŚŝƐůŝŵŝƚĂƚŝŽŶ ? ‘ŚŽƚ-ƐƉŽƚ ?
ĂŶĂůǇƐŝƐŝƐŵŽƐƚůǇƵƐĞĨƵůŝŶƉƌŽǀŝĚŝŶŐƐƉĂƚŝĂůŝŶĨŽƌŵĂƚŝŽŶŽŶ ‘ŚŽƚ-ƐƉŽƚƐ ? ?ǁŚŝĐŚƚŚĞŶǁŽƵůĚŶĞĞĚƚŽďĞ
further investigated using national and sub-national IO tables in order to get the maximum level of 
details possible. Still, the development of this type of datasets could gradually lead to the resolution 
of the data issue that DECC is highlighting. 
 
dŚĞŽƚŚĞƌƉŽŝŶƚŽĨƌĞƋƵŝƌĞĚĂƚƚĞŶƚŝŽŶŝƐƚŚĞĂĚũƵƐƚŵĞŶƚŽĨƚŚĞ ‘ŚŽƚ-ƐƉŽƚ ?threshold level. In this 
paper, the average of the row maximums in the CO2 emissions matrix is used for illustrative 
purposes to aid in demonstrating how the proposed methodology can be used. This is by no means 
the optimal way of setting the threshold. As it has been discussed, it is possible to adjust the 
threshold either based on environmental research or based on the emissions goals set by 
international agreements. Given that different countries have different agendas and interests, the 
latter approach seems more plausible given that participation in and ratification of an international 
agreement implies that the parties involved accept the goals set and the accounting methods 
proposed. 
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'ĞŶĞƌĂůůǇ ?ƚŚĞǁĂǇ/Z/K ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐĐĂŶŝŶĨůƵĞŶĐĞƉŽůŝĐŝĞƐis significantly different to a 
potential analysis on SRIO. Whereas at the national level (which is studied using SRIO) it is possible 
ƚŽƌĞŐƵůĂƚĞĂŶǇƐĞĐƚŽƌ ?ƐƵƉƐƚƌĞĂŵĂŶĚĚŽǁŶƐƚƌĞĂŵƐƵƉƉůǇĐŚĂŝŶƐŝŶŽƌĚĞƌƚŽƌĞĚƵĐĞƚŚĞŝƌĨŽŽƚƉƌŝŶƚ
or their direct emissions, at the international level there are jurisdictional barriers and as such 
bilateral co-ŽƉĞƌĂƚŝŽŶŝƐŶĞĐĞƐƐĂƌǇ ?,ŽǁĞǀĞƌ ?ŚĂǀŝŶŐƚŚĞŝŶĨŽƌŵĂƚŝŽŶĨƌŽŵ/Z/K ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐ
available can lead to indirect measures involving consideration of environmental parameters when 
ƉƵƌĐŚĂƐŝŶŐŶĞĐĞƐƐĂƌǇŝŶƉƵƚƐĨŽƌƉƵďůŝĐƐĞĐƚŽƌĂĐƚŝǀŝƚŝĞƐ ?ĂƐĚŝƐĐƵƐƐĞĚĨŽƌƚŚĞh< ?Ɛ ‘,ĞĂůƚŚĂŶĚ^ŽĐŝĂů
tŽƌŬ ?ƐĞĐƚŽƌ ?ĚĚŝƚŝŽŶĂůůǇ ?ƚŚĞƐĂŵĞƌĞƐƵůƚƐĐĂŶďĞƵƐĞĚĂƐĂďĂƐŝƐĨŽƌĚĞǀĞůŽƉĞĚĐŽƵŶƚƌŝĞƐƚŽ
provide funding to carbon reduction initiatives in developing countries, under the carbon finance 
concept. For example, in Table 2 a number of non-UK sectors are presented that generate significant 
emissions due to UK final demand. This information coupled with a carbon price could be considered 
ĂƐh< ?ƐŵĂŶĚĂƚŽƌǇĐŽŶƚƌŝďƵƚŝŽŶƚŽĐĂƌďŽŶ reduction funds, which in turn will be used by the 
countries influenced in order to develop carbon saving innovations. From a different perspective, 
this information enables private firms to become significant contributors in the reduction of their 
footprint by identifying the most polluting components of their upstream supply chains and 
therefore acting to enforce the use of more environmentally friendly technologies by their suppliers.  
 
It is clear then that perfoƌŵŝŶŐĂ ‘hot-ƐƉŽƚ ?ĂŶĂůǇƐŝƐĂƚƚŚĞŝŶƚĞƌregional level helps with generating 
additional information that could not be obtained by just focusing on the single region level. 
Unfortunately, as discussed above, there are specific limitations that derive from the current 
characteristics of the available IRIO tables. For example, the level of aggregation poses significant 
limitations in our understanding, especially in the case of EGWS sector which so far has been flagged 
multiple times as significantly polluting, but for which we cannot be sure which of the different 
components of this aggregated sector actually holds the largest share of emission or whether the 
share is evenly distributed. It is important then to identify how significant these limitations are and 
more importantly how much more information we could obtain by overcoming them.  
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A logical next step then is to apply the proposed methodology on detailed and disaggregated sub-
national IO tables, published directly from the local authorities rather than derived from IRIO tables. 
dŚŝƐĞǆĞƌĐŝƐĞǁŝůůŚĞůƉƵŶĚĞƌƐƚĂŶĚƚŚĞůĞǀĞůŽĨĚĞƚĂŝůƐƚŚĂƚĐĂŶďĞŽďƚĂŝŶĞĚďǇĐŽŶĚƵĐƚŝŶŐĂ ‘ŚŽƚ-ƐƉŽƚ ?
analysis and at the same time how restrictive and problematic is (or is not) the use of datasets with 
highly aggregated sectors. Furthermore, should the results from the application on disaggregated 
sub-national IO tables prove that there are significant errors associated with the aggregation then 
this will provide a strong argument in favour of the development of disaggregated national and sub-
national IO tables. At the moment, as Turner (2006) points out, there are doubts on whether the 
investment on detailed IO datasets is worthwhile in terms of the resources required. Even in cases 
like Scotland where the detailed IO tables have been developed, there has been limited use of those 
/KƚĂďůĞƐĨŽƌĞŵŝƐƐŝŽŶƐƌĞůĂƚĞĚĂŶĂůǇƐĞƐ ?ƉƉůǇŝŶŐ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐŽŶĚŝƐĂŐŐƌĞŐĂƚĞĚ/KĚĂƚĂƐĞƚƐ
could then act as reassurance that there are significant gains to be made by using these datasets and 
as a result encourage more extensive use and continued support/further development of these IO 
tables.  
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Appendix B; Table B.1: The IndustryൈIndustry industrial sectors of the OECD 
Inter-Country Input Output Database 
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Appendix C: The creation of satellite emissions account 
 
C.1 Allocation of emissions from fuel combustion 
 
ƐĚĞƐĐƌŝďĞĚĂďŽǀĞƚŚĞƐĂƚĞůůŝƚĞĞŵŝƐƐŝŽŶƐĂĐĐŽƵŶƚŝƐĐƌŝƚŝĐĂůĨŽƌĐŽŶĚƵĐƚŝŶŐ ‘ŚŽƚ-ƐƉŽƚ ?ĂŶĂůǇƐŝƐ ?'ŝǀĞŶ
that existing emissions accounts are not compatible with the OECD database used in this study, the 
one used here had to be created from scratch. As mentioned in the main text, the data sources used 
are IEA fuel combustion data and UNFCCC. IEA fuel combustion data include the emissions 
generated by each aggregated sector, divided by fuel type. There is an issue in that the grouping 
used by IEA is completely different than the OECD one, with the implication that the emissions had 
to be allocated to the respective OECD sector. Table 2.C.1 demonstrates the allocation of the 
ĞŵŝƐƐŝŽŶƐƚŽƚŚĞKŐƌŽƵƉƐ ?dŚĞŐƵŝĚĞůŝŶĞǁĂƐƚŚĞ/ĂĐĐŽŵƉĂŶǇŝŶŐĚŽĐƵŵĞŶƚ ? “K2 emissions 
ĨƌŽŵĨƵĞůĐŽŵďƵƐƚŝŽŶ PŽĐƵŵĞŶƚĂƚŝŽŶĨŽƌďĞǇŽŶĚ ? ? ? ?ĨŝůĞƐ ? ?/ ? ? ? ? ? ) ?WůĞĂƐĞĂůƐŽŶŽƚĞƚŚĂƚ/
used ISIC rev.4 therefore the sectors mentioned in the document had to be matched to the ISIC 
rev3.1 used by OECD.   
 
It can be seen that in numerous cases the same IEA group includes several OECD sectors. For 
example, Transport equipment in IEA refers to C34 and C35 in OECD database (see Appendix B 
above for sector key). To allocate the emissions, fuel purchase coefficients have been used. The 
inputs of each sector, regardless of country of origin, have been pooled and inputs from sectors 
C10t14, C23 and C90t93 have been used for the coefficients. C10t14 was used for extracted fossil 
fuel (coal, crude oil, natural gas etc.), C23 for the oil products (diesel, petrol, kerosene etc.) and 
C90t93 for waste used as fuel. Therefore, the format of the fuel purchase coefficient for C10t14 for 
instance would be the following: 
 ܨݑ݈݁݌ݑݎ݄ܿܽݏ݁ܿ݋݂݁ ൌ ݅݊݌ݑݐ݋݂ݏ݁ܿݐ݋ݎ݂ݎ݋݉ݏ݁ܿݐ݋ݎܥ ? ?ݐ ? ?ݐ݋ݐ݈ܽ݅݊݌ݑݐݏ݋݂݃ݎ݋ݑ݌݂ݎ݋݉ݏ݁ܿݐ݋ݎܥ ? ?ݐ ? ?ሺܥǤ  ?ሻ 
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The formula changes for the different sources of fuel. The same coefficient is used for every group 
that requires to be allocated to different OECD sectors. Please note that all the transport related 
groups, with the exception of pipeline transport which was only linked to sector C40t41 and the 
general transport group which is linked to C60t63, have been allocated to every sector. 
 
C.2 Allocation of emissions associated with autoproducers 
 
Autoproducers are generally the plants within industries that generate electricity and/or heat to 
meet the needs of the firm. The emissions associated with autoproducers are quite significant; 
therefore, it was considered important to allocate them to the respective industrial sectors. The 
problem is that IEA has detailed data only for the OECD countries. Thus, it was necessary to use 
some form of proxy to estimate the production of autoproducers in non-OECD countries. To that 
end the OECD regions have been used. IEA data include the autoproducer emissions for OECD 
Europe, Asia Oceania and America. The underlying assumption is each country has similar 
autoproducers technology in comparison to the others of the same continent. With that in mind it is 
possible to estimate the emissions generated by using the following coefficient: 
 ܲݎ݋݀ݑܿݐ݅݋݊ܸ݋݈ݑ݉݁ܿ݋݂݁ ൌ ܶ݋ݐ݈ܽܽݑݐ݋݌ݎ݋݀ݑܿ݁ݎݏ݁݉݅ݏݏ݅݋݊ݏ݋݂ܿ݋ݑ݊ݐݎݕܶ݋ݐ݈ܽܽݑݐ݋݌ݎ݋݀ݑܿ݁ݎݏ݁݉݅ݏݏ݅݋݊ݏ݋݂ܱܧܥܦݎ݁݃݅݋݊ሺܥǤ  ?ሻ 
 
Having calculated that coefficient, it is possible to estimate the emissions by multiplying the 
production figures in the OECD region dataset with the production volume coefficient. Please note 
that in the case of South Africa, Australia has been used as proxy, as there is no OECD Africa region. 
The other necessary step is to calculate the emissions generated for every kwh of electricity and TJ 
of heat produced by autoproducers: 
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ܧ݈݁ܿݐݎ݅ܿ݅ݐݕܥܱ ?ܿ݋݂݁ ൌሺ ?Ǥ ? כ ܷ݈݈݊ܽ݋ሻܿ ൅ ሺܣݑݐ݋݌ݎ݋݀݈݁݁ܿݐݎሻ ൅ ሺ ?Ǥ ? כܥܪܲሻܶ݋ݐ݈ܽܰ݁ݐܲݎ݋݀ݑܿݐ݅݋݊ሺ݈݁݁ܿݐݎ݅ܿ݅ݐݕሻ ሺܥǤ  ?ሻ 
 
ܪ݁ܽݐܥܱ ?ܿ݋݂݁ ൌሺ ?Ǥ ? כ ܷ݈݈݊ܽ݋ሻܿ ൅ ሺ ?Ǥ ? כܥܪܲሻ ൅ ሺܣݑݐ݋݌ݎ݋݀݄݁ܽݐሻܶ݋ݐ݈ܽܰ݁ݐܲݎ݋݀ݑܿݐ݅݋݊ሺ݄݁ܽݐሻ ሺܥǤ  ?ሻ 
 
 
Once again coefficients have been used. Please note that the unallocated autoproducers and the 
autoproducer CHP (Combined Heat Power) plants have been divided equally between electricity and 
heat production. This might not always be the case but in fact the estimated figures are quite close 
to the actual reported emissions of autoproducer plants. 
 
Once the aforementioned procedure has been completed the emissions are allocated to the 
respective sectors as seen on the autoproducers column of Table 2.C.1. In the cases where an 
autoproducer category included more than one OECD sector, the emissions were split using the total 
output of the sector as a criterion, assuming that the higher the production the more each industry 
needs to run the autoproducing plants. 
 
C.3 Fugitive gases and industrial processes 
 
The last emissions sources included in the emissions account were fugitive gases from fossil fuel 
extraction and non-fuel combustion emissions during specific industrial processes. The data source 
in all cases have been the UNFCCC website (UNFCCC, 2014). The issue faced was that data on non-
Annex I countries were limited if not existent. Thus, it was necessary to use a proxy. Australia has 
been used as a proxy due to the great data availability. On top of that Australia was used by Lenzen 
et al (2004) to model the Rest Of the World, therefore it seems like an acceptable choice. As in 
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previous cases a coefficient has been created to establish the size of the sector under examination 
compared to the respective Australian sector: 
 
ܲݎ݋݀ݑܿݐ݅݋݊Ƭ݄ܶ݁ܿ݊݋݈݋݃ݕܿ݋݂݁ ൌ ܥ݋ݑ݊ݐݎݕᇱݏݏ݁ܿݐ݋ݎ݁݉݅ݏݏ݅݋݊ݏሺܫܧܣሻܣݑݏݐݎ݈ܽ݅ܽᇱݏݏ݁ܿݐ݋ݎ݁݉݅ݏݏ݅݋݊ݏሺܫܧܣሻሺܥǤ  ?ሻ 
 
This coefficient can capture the differences both in production volume and technology used. 
Consequently, the UNFCCC data for Australia are multiplied with the coefficient of the respective 
sector to produce the estimate for the non-Annex I country under examination. Finally, the 
emissions are allocated to each sector as seen in Table 2.C.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 56 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
